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PREFACE. 


The information rclatiii}]^ to tin* various subjocls treated in 
this little volume is eondensed into the smallest [xjssihh' space 
by beiiiR mostly arranged into tabular lorm. It is a matter of 
daily experience that juactical men usinj^ reierence books of 
this kind obtain the information re<iuired priiuaVally from 
tables eontaineil therein. 

With the e\ee|)lion of mathemati«’al tables or tables o 
moasurom(‘nl s, tabular inlormation ('atinol be exjHS’ted tr> b(‘ 
more than approximate WheiM‘V('r minute descriptions of 
chemical o|M'rations or manipulations are re'juin'd. such should 
be obtained from text-books treatiiif; on the sp(>ci(lc matter 
under consideration. 

The mineralogical tablc.s, which have been constructed frotn 
information derivetl from a number of authoritative publica- 
tions, arc considered to be entirely n(‘\v and are offenal hen* as 
an cx}xjrimental means for the approximate determination of 
the composition of any mineralopcal specimen (pialitatively, 
and as a preliminary means of invest ipat ion to d(‘termin(‘ the 
desirability for a (juantitative chemical analysis. 

By an examination of the mineralogical tables, and espe- 
cially by their employment for the determination of th(‘ charac- 
teristics of some sfwcimens, it will be |X‘rceive<l that, for many 
minerals named in the tables, the itjformati(u» is not as com- 
plete as may Ik; desirable, and that therefore a thorouph r’om- 
parisoti capiiot be made, as under some lieadinps of the tables 
the corresponding characteristic behavior of the mineral^ sub-* 
stance is wanting. • 

Tliis omission is due to the fact that the information relating 
to tlie tabulated minerals, when treate<l as indicsited ifi the 
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tables, has been gleaned from descTipiivo matter disseminated 
in a number of books on mineralogy, none of which supple- 
mented what was omitted in others. 

The system of making tests in the manner indicated .by the 
headings of the mineralogical tables does not exclude additiouyat 
tests, and the bil)les themselves may be subjectetl to modifica- 
tions and additions. It is therefore hoped tliat the systematic 
manner for tlie determination of the behavior of any mineral 
sample, when subjecte<l b) tlu' physical tests and to the chemical 
reagents indicated in the tables, and when said behavior is 
recorded in accordiince thereof, will 1)C of service and assist- 
ance not only to the student but also to the numerous interested 
persons who liave received no previoiis training in the science 
of mineralogy. 

The part relating to metallurgy, although principally con- 
fined to matters generally familiar to the professional metal- 
lurgist, may nevertheless be found useful as an aid to memory 
to the latter, and will undoubte<lly be of interest to the many 
persona w'ho arc in some way coimeeted with or interested in 
trades in w’hich metals of various kinds form the bulk of the 
raw material. 

The applicat ion of cloctrieity to metallurgy is in many cases 
limited to transitory methods, but is in a condition of develop- 
ment. The only i)ra{*tieal and industrial application of elec- 
trical currents to metallurgical ojxjrations up to date appear 
to be confined to plating, refining of copi)er, to the reduction 
of aluminium, and of a few other metals of very limited use. 

It has been found impracticable in a great many cases to 
give specifically credit to the source from which the informa- 
tion contained in this little volume was obtained, as in such 
cases information relating to the same subject-matter was 
gleaned from a number of authorities and is the result of con- 
traction, condensation, and reclassification of matter drawn 
therefrom. 

It has therefore beeiT considered sufficient to etjclose a list 
of tlie authorities which have l>een directly or indirectly in- 
strumental to furnish irthterial for the compilation of this 
little but it is hojied useful reference book. 

J. G. Qoessl. 

St. Louis, Mo., June, 1908. 
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ALGEBRAIC SIGNS AND ABBRE^^ATIONS 


I Remarks 

When used with letters 

Subtract the smaller from the larger 
a larcer than b 
a less than b 

Used with numl->er5 only 

For angles and temperatures 

For angle® only 

Measure of length 

Measure of surface 

Meat-ure volume 

Surface in 'Cjuare units 

N’olume in cubic units 

Side of gnen square 

Side of given cube 

Also 3 4 =9 12 , . 

Circumference of circle if the diameter is ■» 1 
Length j 

Volume 

Weight 

1 Example 

"SJS 

'§‘0 w 

II II OO JSrfS II » 2 l-ST” ' 

11 II II II rill II II II ^‘^ll IUm II ll®:2^ d SE 

loioiojs .If . K II nr.iT M "f S.i3o. .3^ 

Nt«.N a wco e e cciSiOrn i-icmoM»Of cc eoMcooMriot-if 

Explanation 

Addition 

Subtraction 

Multiplication 

Di\'lsion 

Equahty 

Subtraction 

Inequahty 

Decimal fraction 
^0 of a circle 
bS degree 
^0 minute 

A foot 

2-Xx 

xXxX* 

Proportion 

Number 

Unit of length 

0.01 mt 

0.001 mt 

Unit of capacity 
0.001 It 

Unit of weight 

Unit of weight 

Name 

Plus 

Minus 

Times 

Di\*ided by 

Equal 

Difference 

Larger than 

Le^s than 
Parentheses 
or Brackets 

Decimal point 

Degree 

Minute 

Second 

Feet 

Inches 

Square 

Cube 

Square 

Cube 

Square root 

Cube root 
is to, as, is to 
Periphery 

Metre 

Centimetre 

Millimetre 

Litre 

Centimetre cube 

Gramme 

Kilogranune' 

1 





MINERALS AND METALS. 


UNITED STATES COAST AND GEODETIC 
SURVEY: 

BUREAU OF WEICillTS AM) MKASTTRES. 

3. HlSTOIiTC EXTRACT FROM OFFKTAL FAPERS RE- 
LATING TO STANDARDS OF WEIGHTS Ax\T) 
MEASURES OF THE UNITED STATES. 

In 1814 the Trougliton 82-inch brnss scale was ordered by 
Hassler as a standard of- length for the Coast and Geodetic 
Sur\'oy. 

In 1821 a platinum kilogramme and metre and in 1827 a 
brass Troy pound were obtained by All)ert. Oallatm, Minister 
of the ITnited States in London. 

In 1828, by Act of Congress of May 19th, thi.*? Troy pound 
was made the standard for the use of the Mint. 

Customary Measure of Length. — The Treasury Department 
adopted as its yard the length comprised l^etween the 27th 
and the 03d inch division of the Trough ton scale, which was 
supposed to be equal to the Imperial Standard of Great Britain, 
‘but surpassed it in length by 0.00083 inch at 62° F. 

In 1^34 the British standard of length was destroyed by 
fire,, and a new standard was constructed after 1843. From 
this fifty copies were made, and two of these copies, the Low 
Moor Iron No. 57 and the Bronze No. 11, were presented to 
the United States in 1856. These yards were again taken to 
England in 1876 and in 1888 for comparison wdth the Impedal 
Standard, and their relation to the latter is therefore kr ' 
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UNITED STATES S'l'ANDARD WEKiUTS AND 
MEASUIIES. 

Conversion of Customary to Metric and of Metric to 
Customary Weights and Measures. 

CUSTOMAJiV TO METRIC. 

1. In oar. 



Inches t(* 
Millimetres, 

I’CCt (o 
Motre.s, 

YukIh (n 
Met.t CH. 

Miles to 
Kilometres. 

1- 

25 4001 

0 .304801 

0 914402 

1 60935 

2 - 

.50 SOOl 

0 6(19601 

1 828804 

3 21869 

a- 

76 2002 

0 911402 

2 71.1205 

4.82804 

4- 

101 6002 

! 2192J2 

3 6.57()07 

6.43739 

6« 

127 0003 

1 524003 

4 .572009 

8 04674 

6- 

152 4003 

1 82 -<804 

5 486411 

9 6.5608 

7- 

177 S004 

2 133604 

6 400813 

11 26543 


203.2004 

2 43K405 

7 31.5215 

12 87478 

9« 

228.0005 

2 743205 



8 229610 

14. '18412 


Square. 



Square Inches 
to Square 
Centimetres. 

S«(uare Feet 
t«» S<nmrc 
Deeirneties. 

Square Yards 
to Square 

Met re, s. 

Acres to 
Ilectarc.s. 

1«. 

6 452 

9 290 

0 830 

0 1047 

2» 

12 903 

18 .581 

1 672 

0.8094 

3- 

19 3.55 

27 871 

2 508 

1.2141 

4“ 

25 807 

37 161 

3 344 

1 GI87 

6- 

32 258 

46 4.52 

4 181 

2. 0234 

6 = 

38 710 

55 742 

5 017 

2 4281 

7 = 

45 161 

65 032 

5 853 

2 8328 

8 = 

51 013 

74 323 

6 689 

3.2375 

9- 

68.005 

83.013 

7 525 

3.6422 


Cubic. 



Cubic Inche.s 
to Cubic 
Contimotres. 

Cubic Feet 
to Cubic 
Metres. 

Cubic YardH 
to Cubic 
Metres. 

Bushels to ' 
UoctolitrcH, 


16 .387 

0.02832 

0.765 

• 0.. 352.39 

\ 32 774 

0 05663 

1 520 

0.70479 

'* \ 49.161 

0 08495 

2.204 

1.05718 

\ 65.540 

• 0 11327 

3.068 

1.40967 

\8 1.936 

0 14158 

3.823 

1.76196 

\8 323 

0 16900 

4 587 

2 11430 

. \.710 

0.10822 

5 3.^2 

2 46676 

\097 

0.22654 

6 116 

2 81914 

^84 

0 25486 

1 

6.881 

3.171!>4 
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rapacity. 


• 

Fluid Drams 
(o Millilities 
or ('\iliir. 
(’entimeties. 

Fluid ( luiiceh 
to Milliht re.s. 

Quarts to 

Lit re.s. 

tlalloiKs to 
I.itres. 

J 

3 70 

29 57 

0 946.36 

3 785‘«3 

2 

7 39 

59 1.5 

1 S9272 

7 57087 

3 

H m 

SS 72 

2 S.3908 

11 35030 

4 ' 

14 79 

1 IS 29 

3 78543 

15 14174 

5 ^ 

18 IS 

117 87 

4 73180 

18 92717 

6 = 

22 IS 

177 11 

5 67816 

22 71201 

7 * 

2.5 SS 

207 02 

6 62452 

2(i 19804 

8- 

29 57 

2.31) .59 

7 57088 

.30,28.348 

9 - 

.3.3 27 

266 16 

8 51724 

34.06891 


WclKht. 



Grains to 
Milligrammes, 

Avoirdupois 
Ounces to 
Grumiiios. 

A\oir<lupois ! 
Founds to 
Kilogiuiiiincs. 

Troy Ounces 
to (jrammes. 

1 

64 7989 

28 3495 

0 45.359 

31 10348 

2 - 

129 .5978 

.56 6991 

0 90719 

62 20696 

3- 

194 3968 

^ 85 0486 

1 36078 

93 31044 

4- 

259 19.57 

11.3 .3981 

1 814.37 

121 41.392 

5 - 

32.3 9946 

141 7476 

2 2()796 

1.55 51740 

0- 

388 7935 

170 0972 

2 721.56 

186 62088 

7» 

453 ,5924 

198 4467 

3 17515 

217 72437 

8 = 

.518 3914 

226.7962 

3 62874 

248 82785 

9* 

58.3 1903 

2.55 14.57 

4 08233 

270,03133 


1 Gunter’s chain 
1 sq. statute mile 
1 fathom 
1 nautical mile 
I foot 304801 
1 avoir, pound 
1M32. 35030 grains 


==■ 20 1168 metres 

•' 250 (MM) hectares 

1 829 metren 
= 1853.25 metres 

mett-e, 9 48401.58 log. 

■= 45.3 .5924277 gramme 

*= 1 kilogramme 
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MINERALS AND METALS. 


METRIC TO CUSTOMARY. 


Linoar. 



Metros 1») 
Inches. 

Mel res In 

I'cel 

Melies to i 
^:^r.l~ I 

Ivil( line! res 

1 1.. Miles. 

1 - 

39 .‘{700 

.‘{ 28083 

1 OO.'lOll 

0 021.37 

2- 

78 7400 1 

I 0 .'>0107 

2 1S72‘22 

1 21271 

3 = 

118 1100 

9 842.’-»0 

.‘{ 280833 

1.80411 

4 ' 

I.')? 4800 

13 123.13 

1 371141 

2 48518 

5- 

190 S.'iOO 

10 10417 

.I iosor>o 

3 101 '85 

<>- 

2:{0 2200 

19 08.'i00 

0 .fiOM’^o 

3 72822 

7 = 

27."') riooO 

22 90.'i83 

7 0.'’>.'’j278 

4 349.59 

8 = 

3M 9000 

20 24007 

8 718889 

4 97090 

9- 

:{,'i4 3:ioo 

29 .'i27.''>0 

9 S12.')00 

5 59233 


Squaro. 



Square Cenli- 

motros to 

Square Inches 

Square Mel res 
to Square 
Feet. 

Square Metres 
to Square 
Yards. 

Heetares to 
Acres. 

1.=. 

0.1,5.50 

10 704 

1 190 

2 471 

2- 

0.3100 

21 .528 

2 302 

4 942 

3- 

0 4050 

32 292 

3 588 

7 41.3 

4 = 

0,6200 

43 055 

4 784 

9 884 

5- 

0 77.50 

.53 819 

5 080 

12 .3.55 

6« 

0 9.300 

04 583 

7 170 

14 826 

7- 

1 08.50 

7.5 347 

8 372 

17 297 

8“ 

1 . 2400 

SO 111 

9 508 

19 708 

9- 

1..3950 

90.875 

10.704 

1 

22 239 


Cubic. 



Cubic Centi- 
metres to 
Cubic Inches. 

Cubic Deci' 
metres to 
Cubic Inohea. 

Cubic Metres 
to Cubic 
Feet. 

Cubic Metres 
t«> Cubic 
Yards. 

1 = 

0.0010 

61 02.3 

35.314 

1.308 

2- 

0.1220 

122 047 

70 629 

2.616 

3« 

0.1831 

183 070 

105 943 

3 024 

4™ 

0.2441 

244.004 

141.258 

5 232 

6- 

0.3051 

.305.117 

176 572 

■6.640 

6« 

0.3661 ! 

366 140 

211 887 

7.848 

7» 

0.4272 

427.164 

247 201 

9 156 

8- 

0 4882 

488 187 

282 516 

10.464 

9- 

0 5402 

549 210 

317 830 

11.77r 
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rapacity. 



Millilitres 





• 

oi ('ul)ic 

(Viitilitios 
to l'’iui<t 
Ounces. 

Litres (o 

Ilecfilitres 

IleetolitrcH 


('pIltlllK'l IPS 

to riiiiil 

(iuarts. 

to (liillons. 

to Bushels. 







1 - 

0 27 

0 3:iS 

1 0567 

2 0417 

2 8377 

2 

0 r.i 

0 ()7() 

2 113 4 

5 2S31 

5 0755 

3- 

0 SI 

1 014 

3 1700 

7 0251 

S 5132 

4- 

1 OS 

1 .‘{.-iS 

4 2207 

10 5008 

11 3510 

5 . 

1 

1 (.01 

5 2S34 

13 20K5 

14 1887 

(> 

1 02 

2 020 

0 3401 

15 S502 

17 0205 

7 

1 so 

2 307 

7 3008 

18 4010 

10 8042 

K 

2 10 

2 705 

S 4535 

21 1330 

22 7019 

9-= 

2 43 

3 043 

0 5101 

23 7753 

25 6397 


Weight. 



Milligrammes 
to ( J rains. 

Kilogrammes 
. to (.Irains, 

lleetogTamme.s 
to Ouneos 
Avoirdupois 

Kilogrammes 
to Pounds 
Avoirdupois. 

1 - 

0 01543 

1.5432 .30 

3 5271 

2 20402 

2- 

0 03080 

'30804 71 

7 0548 

4 40924 

3- 

0 04030 

40207 07 

10 .5822 

0 01387 

4 

0 00173 

01720 43 

14 1090 

8 81849 

5 

0 07710 

77101 78 

17 0.370 

11 02311 

6 - 

0 00259 

02504 14 

21 1044 

13 22773 

7- 

0 10S03 

108020 49 

24 0018 

15 432.30 

8- 

0 12310 

1234.58 85 

28 2192 

17.03098 

9- 

1 

0 13889 

l.‘i8891.21 

31 7400 

19.84160 


W eight— ( Conti nued). 



Quintals to 
Pounds Avoir- 
dupois. 

Milliers or Tonnes 
to Pounds Avoir- 
dupois. 

Kilogrammes to 
to Ounces Troy. 

1- 

' 220 40 

2204 0 

,32.1507 

S- 

440.92 

4409 2 

64., 301 5 

8 = 

601.39 

0613 9 

96.4522 

4- 

881 85 i 

881K 5 

128.60.30 

6« • 

1102 31 

11023 1 

160.7637 

6- 

1322 77 

1.3227 7 

192 9044 

7- 

1.543,24 

15432.4 

2 % 0552 

8- 

1703 70 

176.37 0 

' 257 20.59 

9- 

1984.16 

19841 0 

289 3667 
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MINERALS AND METALS. 


The nautical viilc of tho U. S. Coast and Geodetic Surv’ey 
is defined as the of one minute of arc of a great circle 

of a sphere, IIk; surfnee of whieh is e<|Ual to that of the earth. 
1 nautical mile - 0080, 198 feet - 2020.7327 yards. 


4. METRIC SYSTEM. 

The unit, was originally derived from the measurement of 
1 degree latitiuhi. From this measurement the standard metre, 

defined to be the one ten-millionth paH * of one 

quarter of a meridian, was eon.^tructed. It is known as the 
“ Me'J'RB dkh AnciriVKS.” From this idl other units of measure- 
ment of surface, of volume, and of weight are derived as follows: 

LAND SURFACE. 

Are I The surface of a stiuare of 10 metres side » 100 squari 
metres. 

Hectare =«J 00 ares =10000 siiuare metres. 


LIQUID AND DRY MEASURES. 

Dry (for cereals, wood, stone, etc.) 

Litre I The contents of a cubic decimetre or of a cube metre 
side. 

Hectolitre! One hundred litres, of a cubic metre, 

Sterei One cubic metre. 


WEIGHT. 

Gramme! The weight of 1 centimetre cube of distilled water 
at its maximum den.sity at a temperature of 3.94® C,*=39.1®F 

KlloRrammei T)ie weiglit of 1 litre of distilled water 'at 
maximum density. 

Tonne ! One tliousand kilogrammes. Weight of 1 * metre 
culie of distdled water at maximum density. 


* One quarter meridian moasurea 10,001,900 metres by later determinft- 
tkme. 



METRIC-SYSTEM MULTIPLES AND SUBDIVISIONS 


CUSTOMARY MIOASUUEMENTS. 


11 



3097600 > 102400 
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MINERALS AND METALS. 


MEASURES OF VOLUME. 



standard Rallon font niiis 231 ruble inrlirs. ha ronlonls 
of (listillfd water at inaxiinuni donsity at a trmjierature of 
3.9.1” (' ---39 07"'' F. and niran alitiosplK'rir prossure of 30 inches 
“^702 nini. Wfif2;h 3 <S;)43 kfi;tn ~.S3Jr)l<S pounds avoirdiijiois. 

Till' standard bushrl is of 217)0 42 cu))ic inrlies Its con- 
tents of distilled wati'r at niaxinnim densit\’ 3r).239 kgm. 

— 77.t)SSr) ])ounds avoirdupois Inside dimensions: diameter 
18.5", height 8". Heaped, the rone should be 0" high. 


IIIISIJELS l.N PorXDS AVOIRDUPOIS 


Substance 


Com, shelled. 

Cement 

Coko 

Charpoal. . . . 
(.Joal fitone . . . 


((’(UUfricrcial ) 


PouiuK I 
IKM-Jlushclj 

rdi I 

80 I 

40 ' 

22 ' 
80 I 


Suhstaijce 

Pounds 
per Bushel 

hand planter 

100 

Lane, anslakod 

1 80 

Lime, slaked 

40 

l*olati)c.s 

60 

Wheat 

60 


MEASURES OF WEIGHT. 


4voiRnepoi8 

'IVdv 

Grams 

Drachms 

( lunce.s 

Troy 

Pounds 

Avoir. 

Pounds 

Hundred- 

weight, 

cwt. 

1 Ounce 

1 Pound, It) 

1 Hundredweight, ewt 

1 Ton, long 

1 Ton, short j 

4.47 .') 
7000 

16 

266 

16 



1.2153 

1 

112 

2240 

2000 

1 

20 


Troy 

Troy 

Grains 

Penny- 

weight, 

dwt. 

Ounces 

Pounds, 

Avoir- 

dupois 


L Pennyweight, dwt. . 

21 





1 Ounce ... 

480 

20 

1 



1 Pound . . . 1 

5700 

240 

1 12 1 0.82286 1 
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MEASURES OF WhKim. —(Continued) 


Apothkcaiiiks’ 

Troy 

Grams 

Scruples 

1 

Drachms 

Ounc'cs 


1 Scruple, W 

20 





1 Drachm, W 

(’»0 

3 




1 t.)uncc, W . . . 

480 

24 

8 



1 Pound, W 

57r»o 

288 

90 

12 


Diamonds 

1 

Carat- 

1 

1 Grains 

Paris 

Gramme 

Grains 

Troy 

1 Gramme 

4 875 

19 r> 

812 


15.432 

1 ( 'arat. 

1 

4 

04 

0 20512 

3.17 


MEASURES OF VALUE. 


Denominations 

Mills 

Cents 

1 limes 

Dollars 

Eagles 

1 ('cut 

10 

1 




1 Dime 

100 

10 

1 



1 Dollar 

loot) 

100 

10 

1 


1 KaRle 

10000 

loot) 

KK) 

10 

1 


6. WEIGHT OF U. S. COINS 

Standard and Pure Metal.— Standard jcjold and silver: 9 parts 
of pure, gold or .silver and 1 part of alloy, geiUTally copper. 


Commercial alibreviuliom: $ •- Df)llar, c = (!entH. 


Gold € 0111.-5 

Standard Gold 

Pure Gold 

Name 

$ 

GmmmoJ 

Grammes 

Troy 

Grains 

Dollar. . . 

Quarter-eagle 

Three dollar.^ 

Half-eagle 

Eagle 

Double-eagle 

Ih 

3 

5 

10 

20 

1.672 

4 179 
5.0154 

8 359 

16 72 
33.436 

i 25.8 

1 64.5 
77.44 
; 129 

1 258. 
516. 

1 5040 

3 7616 

4 5139 
7.523 

15 040 
30.092 

1 

23.22 

58.06 

60.65 

116.1 

232.2 

464.4 

Silver Coins 


Standard Silver 

Pure Silver 

Name 


Grammes 

2.5 

•*> 

6 25 

12 5 
26.73 

Troy 

Grains 

1 Grammes 

2 25 

4 5 
5gB25 
11.25 
24.06 

Troy 

Grains 

Dime. .1 

20 cents 

Quarter 

HalfKiollar 

DbUar 

10 

20 

25 

50 

100 

38.58 
77.10 
96 45 
192.9 
412.5 

34.722 

69.444 

86.806 

173.11 

371.25 
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MINERALS AND METALS 


7. Fineness of Gold Expressed in English Trade 
System. 

(QuarititioH in vertical etJumns are eijuivalent.) 


AHWiy r>ound. . 
Carat .... 
(’arat Krains. 
Eiulitli 

Excess Kiauis. , 
Per cent. . 

Per thousand. 


1 

24 

1 



9(i 

1 

1 


7t»8 

22 

8 

1 

57(10 

240 

GO 

7 5 

100 

4 107 

; 1 042 

0. 1.20 

1000 

41 007 

10.417 

1.202 


The standanl of fuicness for Knulish jX'>hl coin is 11 parts fine gold, 1 
part copper 22 i-arat fine or OKitHiT parts of line gold in lOOO parts of 
gold and copper alloy, and 83.:W3 copper. Specific gravity, 17.157. 


8. VALUES OF FOREIGN COINS. 

(From U. S. Treasury Uepoit. 1002.) 

A.— Countries with Fixed Currencies. 




Mone- 

Value 

Coins 

Countries 1 

S( andard 

tlllV 

Unit 

in 1 ' S 
Gold 

Argentine K. 

G. & 8. 

Peso 

$0 9(»,.5 

(iold argentine (.^.82, 4) and 

I argentine; silver — peso and 





<livi.sions 

Au.*itria- 
Hungary 
Belgium. . . . 

Gold 

G. k S. 

( 'rown 

I'Vanc 

20.3 

. 19,3 

Gol<l- 20 crowns ($4.05,2) and 
10 crowns. 

Gold "10 and 20 franc pieces; 
silver — 5 francs. 

Brazil 

G(»ld 

Milreis 

.51.0 

Gold— 5, 10, and 20 milreis; sil- 
ver— J, 1, and 2 milreis. 

British N. A. 

Gold 

Dollar 

1.00 


(excci)t 

Newfound- 





land). 

British 

Gold 

Dollar 

1.00 


Honduras 
Chile 

Gold 

Peso 

. 20,5 

Gold— escudo ($1.25), doubloon 
($2.05), and condor ($7,30); 





silver— peso and divisions. 

Costa Kica . 

Gnlil 

Colon 

.40,5 

Gohl -2. 5. 10. and 20 cidons; sil- 
ver - .5, 10, 25, and 50 centisimos. 

Cuba 

G. & S. 

Peso 

.92,0 

Gold " iloubloon ($5.01,7); sil- 
ver— jicso (00 cents). 

Denmark . . 
Ecuador. . 

Gold 

Gold 

Crown 

Sucre 

.20.8 

.48,7 

Gold— 10 and 20 crowns. 

Gold - 10 sucres KI4.H0G6); sil- 
ver— sucre and liivisions. • 

Egypt.. .. 

Gold 

Pound 
( I(K) 

4 91.2 

(Jold - 10, 20. .'>(). and 100 piasters; 
silver— 1, 2, 10, atul 20 pia.ster8 

Finland. . 

Gold 

piasters) 

Mark 

. 19,2 

Gold 10 and 20 marks ($1.93 
and $3 S5.9) . 

France. . 

G. & S. 

Franc 

19,2 

(hSd— 5, 10 . 20, 60, and 100 

francs; silver- 6 francs. 


COMMERCIAL MEASURES. 


If) 


A.— Countries with Fixed Currencies— Confinm/. 


Conn trice) 

LSlundard 

Mone 

tary 

Unit 

\ alue 
in U.S 
Gold 

Coins 

Germany . . 

(iold 

Mark 

*0 23 ,S 

G»)ld —5, 10, and 20 niark.s 

Great Brit- 
ain 

Gold 

Pound 
.s telling 

1 hU.tii 

Gold- soveieign (pound steiliiig) 
and half so\eieigii 
( iold 5, 10, 20. 50, and 100 drai li- 
nias; siImt 5 dnn'liniu.s. 

Greece. . . 

G. & S. 

Drachma 

1»,.3 

Haiti 

G AS. 

Gourde 


Siher gouide 

India. ... * 

Gold 

11 upee 

32,1 

Gold .s<t\eirigri (S4S005); sil- 
Aei nipee ami divisions. 

Italy 

G. & S. 

Lira 

19.3 

Gold 5. 10. 20. 50, and 100 lire; 
Hihei^ 5 Iiie. 

Japan 

Lilieria. . . 

Gold 

Yen 

•19.S 

Gold- 1, 2, 5, 10, and 20 yen. 

Gold 

Dollar 

1 00 

NotlierlandH 

G. A S. 

Florin 

40,2 

(iold 10 florina; silver— L 1, 
am] 2^ florin.s. 

Newfound- 

Gold 

Dollar 

1 01,4 

Gold $2(12 02,7). 

Poru. . . . 

Gold 

Sol 

.4S.7 

(JoM — libia ($4 8605); silver — sol 
and divisions 

Portugal. , . 

Gold 

Milreis 

I OS 

Gohl 1,2 5, and 10 milreis. 
(iold— imperial ($7,718) ami i im- 
jionnl ($3.8(D, silver- i, L and 

1 ruble. 

Huaeiia. . . 

Gold 

JIuble 

.51,5 

Spain. . 

G. A S. 

PeHcta 

. 19,3 

Gold— 25 pescla.s; siher— 5 pese- 
la.s. 

Sweden and 
Norway 

Gold 

Crown 

.20,8 

(iold — 10 and 20 crowns. 

Switzerland 

G. & S. 

I'Vano 

. 19..3 

Gold - 5, 10, 20. 50, and 100 francs; 
silver — 5 francs. 

Turkey. . . 

Gold 

Piaster 

04,4 

Gold— 25. 50, 100, 200, and 500 
piasters 

Uruguay. . . 

Gold 

Peso 

1 03,4 

Gold tieso; silver— iieso and 
(livKsions. 

Venezuela , . 

G. A S. 

Bolivar 

19..3 

Gold- 5. 10, 20, 50, and 100 boli- 
vars; silver — 5 bolivars. 


B.— Countries with Fluctuating Currencies. 




1 Values ill IJ S. Gold (Cents) from 



1899 to 1902 


Countries 

Monetary Unit 




• 


- ^ 

H ighe.st 

Lowest 

Average 

Bolivia 

.\iir bidiviuno 

40 8 

38 2 

42 5 

Central America. . 

er peso 

40 A 

38 2 

42,4 

China 

1 ae' *. . 

77 1 

50 5 

60.3 

Columbia 

.Silver jicso 

40 8 

38 2 

42 i; 

Mexico 

Silver dollar. . 

50 9 

41 5 

„ 40 2 

Persia 

Silver kran. . . 

8 0 

7 0 

’ 7.8 


• Th9 (»9l viMiw in vftlvw in the different provinoee pf Chimt, 
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MINERALS AND METALS. 


9. DYNAMIC MEASrnEMENTS. 


Dviianiic. 

Qua,ntit,ics 

(’iiHtomarv U- S. Ihiits 

Fqui valent, in Metric Units 

Speed 

Knieo 

J’le'^.sure, m.iesc. . . . 

VVi)rk . 

Power. . . 

fiof'^ft 1 ) 0 wer ... . 

Foot per ‘Jee»»n(I 
pound 

Pouixf pel i q in. 
Foot-oouiid 

Ft -jmd pel seiul 
.'mO ft-pdns per semi 
.irfDOO n piids per niinuie 

0..'t(HS intrs i)er send 
klgm 

0.()7U:{ klgin per ern® 

0 llkS klgm-rnlrs 

0 1.3S klgm-mtr pr send 
170 0:t?> klgm mtr per send 
t-'iliS 2K klgm-mti per min. 

D.ViiaiDie 

Qii!ii)titieH 

Melne Umt.s 

Fqui valent iti 

U. S Units 

Speed 

Force . . 

Press 11 re, at less. , 

Work 

Power 

Hors«vpower . . . 

Metie per .second 

Kilogi amine 

KIriu pi ciii'“ 
KiKiu-inetre 
Klgm-metre per send 

7.'} klRtn mtr per send 
d.'iOO klgm mtr per min 

.'t 2S feet per sceond 
2,2(M() pounds 

14.2.t4 puds pr in^ 

7 2.42 foot-pnds 

7 2.42 ft'Pixls per send 
r)42 .49 ft-pnda send 
.42543,4 ft-pnds fir minute 


DpflnitionH and Abbreviations t Pnd pr in^ is pounds prt'ssurc 
IX‘r sqiiaro inch of siirfac«\ jind klgui ix‘r «!iu* means kilo- 
grammes jx^r sfiuaro conlimetn* of surface, or in Uie case of 
stresses it means pounds per S4]uare inch of section or kilo- 
grammes per Sipiai’e eentiinetre of .secfional area. 

Foot-f)ound, ft-fmd: One pound lifted one fwt liigli. 

Kdograuimo-metre, klgm-nitr- One kilogramme lifted one 
metre high; generally, the work neci'ssary to move a resist- 
ance, ecjuivalent to a unit of the force of gravity through unit 
space 

Ft-pnd prsr send: The work of one foot-pound performed 
in one scTond of time 

Klgm-mtr jier scud: The work of one kilogramme-metre 
perforuKHl in one second. 

Ft-pnds-min: Foot-pounds jH*r minute. 

Klgm-mtr per min : Kilogramme-metre per minute. 


10. TITER.MODYNAMIC MEASUREMENTS. 

Temperature i.s ineasimed by the effect of heat in expanding 
various substances, as mcrcur\% alcohol, air, and various com- 
bination^ of metals, 

The variation of resistance to the flow of an electric cur- 
rent has been used for measuring very high temperatures. 
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Thermometers are instruments for the indication at rela- 
tively m){]('ratt‘ t<Mnp'‘ratnres. 

Pyrometers are used for vcty liigli feniperutures. 

The graduations of all 1 hermonn'ters are based on the freezing- 
and- on the hoihng-pond^' of disldled water at normal almo- 
splK'H', e(|uival(‘nt to a pressure ol u haronietrie eolunin of 
mercury at Ireezing-point of 7<l cm , or about 29 92 inches in 
height. 

'J'he thermonieb'rs consist of a closed glass tube of some 
length with a vei'v line, usually flat, tubular hole of even cross- 
section throughout its whole length (calibratial tube), and a 
bulb of some volume containing lh<‘ nuM-curv or othi'r liiiuid, 
which extends partialis into the Hat tubular hole and in which 
it can expand or contract suflicK'iitly to indicate the extremes 
of heat or cold. 


Customary Thermometers. 

Centigrade, indicating degri'cs (’ , in which the linear expan- 
sion of the indicating li<iuid in the tube, betwi'on freezing- and 
boiling-point of distilled water, is divided into 100 equal parts, 
each of which is called one d(‘gr(‘C C, (1° C),tho freezing-point 
lieing 0°C., the iHiiling-poHii 100® (' 

The Fahrenheit, in wliich the same amount of liiauir expan- 
sion is di\idod into 180 equal parts, the freezing-point being 
designated by 32® F., and the liodmg-point by 212®F. = 180® 
+ 32° 

The Reaumur, in which tlic freezing-point is designated by 
0° 11, and the boiling-point of the distilled water by 80° R. 

Equivalents of the Different Degrees of Thermometers. — If 
n=number of degrees, to U* positive (+) when above, and 
negative ( -) when lielow 0° , and C , F and R. for Centigrade, 
, Fahrenheit, and IK'xaumur degrees, then: 

n° C =(|n + 32)°F =(1 SXn + 32)°F 

„» -(OSXnrR 

n“ F. = (5(n-32) )" 0 '-(O .W. X(n-32) )« C. 

n° F. = CJ(n-32) )" K =(0 444. (n-32) )” R. 

»»R.-(}n)'’C-(125n)'’ C. 

n* R.-(|n+32)'> F.=(2.25n+32)° F. 
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Quantity of Heat. 

Calorie I One kilogramme of distilled water at its tempera- 
ture of maximum density of (’. lieatt*d to 5° C. will absorb 
one metric unit quaritity of heat. 

Calorie Gramme i The (inantity of heat absorU'd by one 
gratnmo of distilled water wlien heated 1" C , from A° (a to 5® C. 

British Thermal Cnlt, RTU. : The quantity of heat necessary 
to heat 1 pound of distilled water from the tenipt^rature of 
39.2® F. one degree F 

1 Calorie = 3 9(iS3 RT. IT 
1 B.T.Il.-().2r>2 (‘alorie, 

11. Electric Units. — The electromagnetic units by the 
British Association, and ratifie<l by the C-ongress of Electricians 
hold in Paris in 1881 and in Chicago, II. S , in August, 1893 

Timet 1 .second, designated by S. 

Length t 1 centimetre, designated by C. 

Mass* 1 gramme, designated by (i. 

e.G.S. Units: Centimetre, Gramme, Second Units. 

Speed: 1 eeiitimetre m 1 .second. 

Force: 1 dyne, the force acting during 1 second on the mass 
of 1 gramme and producing an acceleration of speed of 1 cen- 
timetre per second. This acceleration in Paris is jlx of 
that produc.ed by gravity. 

Work: 1 erg, the work of moving a body 1 centimetre against 
a resistance of 1 dyne. 

Power: 1 erg in 1 second. 

Heat: The C.G.S. heat unit; the quantity of heat produced 
by 1 erg of work or equivalent to it. 

Magnetic Force: The unit viagneiic 'pole, the C.G.S. unit of 
magnetism. The force which causes two similar magnetic 
poles to repulse each other to a distance of 1 centimetre by^ 
a force of 1 dyne. 

Current DenNityi The C.G.S. unit of current density; the 
current in a conductor of 1 centimetre in length bent to a radius 
of 1 centimetre producing at tlie centre a force of 1 dyne when 
acting on a unit pole of magnetism. 

Current Quantity: Tlie C G.S. unit of current density passing 
in an electrical circuit in 1 second. 

Flectrumotive Force or Potential: The difference of potential 
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(pressure) between two points ol a conductor producing an 
erg of work by a C.(i.S unit of current density. 

Resistance i The resistance oi a coiiducior reejuiring a CUJ.S. 
unit difference of potential lx‘tween its extremities for the pro- 
duction of a e.G.S. unit ol current 

Capacity: The capacity of a condenser wliich will hold a 
(Mi.S unit quantity of electricity with a unit potential differ- 
ence l>etween its terminals. 

11a. Practical Units )>y the Intemational Congress on 
Electncal Units, Chiejigo, Aug. 1S‘)3. 

Resistance: InUrmfumal Ohm: Tla* rc'sistance of a column 
of i)urc mercury, weighing 14 4r)21 grammes, of 1 s(|uare milli- 
metre si'Ction and 100.3 centimetres length at 0°C="32°E. 
The international ohm is eiiiial to 10* times the C.G.S. unit 
ol resistance. 

Electromotive Force, or rotential: Voli: The electromotive 
force (pressure or tension) necessar} to mairdain an electric 
current density of one am|K‘re current = (IG.S. unit current 
in a conductor of 1 ohm resistance The volt is e(jual to 10* 
the (IG.kS unit of electromotive lorce 

Current Density, Current Strength: Awfcrc: The current 
density or .strength maintained in a conductor of 1 ohm of 
resistance by an electromotive force or electric tension of 1 volt. 

One ampere is equal to 10~' or the CG.S. unit of current 
density. 

Current Quantity: Coulomb: The quantity of electricity of 
one ampere current strength in one second. It is e(pial to 
lO"’ or of a C.G.S. current quantity. 

One coulomb will decompose 0.0935 milligramme of water 
in one second from acidulated water in a voltmotrc. It will 
deposit from a salt of copper solution 0.3280 milligramme of 
copper, and from a salt of silver solution 1.118129 milligrammes 
of silver. 

Capacity: Farad: The capacity of a condeii.ser retaining 
one coulomb of electric quantity at an electric tension of 1 volt. 

One farad is equal to 10~* times the C.G.S. unit of capacity. 

Magnetic Force: The C.G.S. unit of magnetic force of one 
dyne at the centre of curvature of a conducting wire of 1 cen- 
tinietre in length bent into an arc of a circle of 1 centimetre 
radius, through which passes a current of C.G.S. unit density 
or of 10 amperes. 
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A conducting wire Iw'nt into a circle of 10 ct•lllinlejr«^H diani- 
10X25 

cter with a current of 7.9578 iimjM'res ])r(>duces at 

10 X;: 


the centre of c\in’ature through air or a non-inagnetic siil>- 
stance also a unit magnetic pole of one dyne If a magnetic 
Huhstanee is siihstitiited for tlu' air tlie magnetic force is greatly 
multiplied, tlie miiltijdication de}M*nding on the magnetic 
suhstance and on the degree of magnetization. 

Mafcnetlzing Force: Line oj Force, Maxwell: Tlie magnetic 
force radiating from a unit )>ole of one dyne at tlie distance 
of 1 centimetre througli (‘very c(‘ntimetre s<}uare ot a spherical 
surface enclosing tlie unit pole The surface of such a sphere 
of 1 centimetre radius Ix'ing 4;r==- 12.5004 cm.^, this number 
of linos of force th(*r(‘fore radiate from a unit pole. 

Ainjiere-turv : One amp(‘re current making one turn, or one 
half ampere current making two turns, etc. 

A solenoid of one square centimetre sectional area, with an 
exciting power of one amix^re electric current density for each 
centimetre length of the solenoid (one am|xre-tuni j>er cm.), 
will have at its extremities magnetic poles of ^ = 0.1 unit 

strength, from which will radiate 1.257 MaxweWs or lirm 


of force in air. 

If, for instance, pure soft iron be substituted for the air, 
then the lines of force may be multiplied from 3000 to 4000 
times for a moderate magnetization, according to some au- 
thoritif^s. 

Work.* Joule: The C.G.S. unit of work multiplied by 10’ or 
10’ ergs = i^^ kilogramme-metres =0.10193 kilogramme-metre, 
which is equivalent to 0.7372G foot-pound. 

Power: Wall, one voU-ainjicre in one second or one joule in (me 
second : The power necessary to maintain one volt electromotive 
force in a conductor carrying a current density of one ampere. 

One watt= 10’ ergs per second = 0.10193 klgm-metre = 0.73726 
ft-pound per secx)nd = 6.1158 klgm-inetreB«= 44.2456 ft-pounds 
per minute. 

Horse-power: Electric horse-power equal to 746 watts. 

The metric horse-power of 75 kilogramme-metres p^r second 
is equal tP 735.75 watts. 

One foot-pound per second = 1.356 watts. 

Obe kilogramme-metre per second is equal to 9.81 watts. 
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MuhipU's: ])(H‘inial iimlliplos ol units arc expressed l)y 
deka, ten times; lii'ctn, i»ih* Inmdivd times; kilo, one thousand 
tinii's; iiK^a, one million times. For inslanee, kilowatts, one 
tlioLisaiul wafts; nief^ ohms, om* million ohms. 

Parts or Fractions: l)«‘einial ii’aetioiis of units are expressed 
hy deei, one tenth; eenti, oin‘ Inmdreiltli; milli, one thonsaiidtli; 
micro, one millionth A nnerolarad is one millit nth of a, farad. 

11b. Photofriptry or llpasiirinp; of the Intensity of 

Lik'bt , — llritisli I’nit: I he Ihilish light imil is the intensity 
of light from a spenna<-('li candle in diameter huniing 120 
grains jier lionr ((I candles to the pound) 

French ITnlt: 'Fhe light of a earcel lamp from a flame 10 mm. 
high hiirniiig 12 grammes ])nre eol/n • il per hour The light 
from a earcel lanif) used as unit is (‘<|nival('nt to the light of 
0 0 llritisli standard candles. 

Oenuan linit: The light of a parathu candle 20 mm. in 
diameter, the flame I icing ."i cm. high. 

Tlu' hec-careel is eijuixalent to 7 0 (Iminan candles. 

12 . GEOLOtJir ( LASSIFK’ATION OF BOCK 
STBATIFKATJONS, 

bfised on remains of foni;er lining organisms found in them 

Hocks or mineral stratifications are in con8C(]uence con- 
sidered to he of the 

I. Azoic (jr Archa^n Time, the lifeless age. 

II. Paleozoic or Primary Time, snhdivided into the 

1. rainbrian, or Crustacean. 

3. Silurian, ot 31olliisk. 

3. Devonian, or Fish. 

4. Carboniferou.s, or C’oal Plant Age. 

III. Mesozoic or Secondary Time oi Reptilian Age. 

IV. Cenozoic or Tertiary* Time or Mamalian Age. 

V. Post-tertiary or Quaternary or Human Era, 

MINERAL FORMATIONS AND ROCKS. 

I* Azoic. Granite, syenite, gneiss„honil)lende, mica schist, 
chloridic and talcose schists, marble, graphite, etc. 

II. Paleozoic, l, Cambrian: Slates, grits, sandsttjnes, con- 
glomerates, shales, quartz rock, schists, 

2a. Lower Silurian t Magne.sian limestone, sandstone, slate, 
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limestone, shales, slialy sandstone, |iebl)ly grit, conglomerate, 
graywacke. 

3b. Upper Silurian i Conglomerates, slialy saiulstonos, lime- 
stone, hard slate, gilts. 

3. Devonian: Sandstone, eongloinerate, gril, graywacke, 
limestone, shales, slialy or tliinl> bedded limestone and sand- 
stone 

Ores of iron, lead, tin, copiM-r; etc , iietroleum in sandstone 
is found in Devonian rock. 

4, Carboniferous: bimesionc massive, ofieii oolilic, somii- 
timcs doloinitic, often with nodules ol llinl v <’hert ; .samlstones 
from very fine to pi'bbly; stratitied shales with coal-seams 
underlaid with clay shales; clay-iron stones in beds, layers, 
or nodular concretions, 

III. Mesozoic, l. Trlassle: Sandy clay, sandstone, shale, 
impure limestone, dolomite, marl. 

2. Jurassic: Ue|M'ated succession of argillaceous, arenaceous, 
and calcareous layers, oolite 

3. Cretaceous : Hands, sandstones, clay bands, calcareous 
strata passing into white chalk, liiruLstone, phosphatie noduh'S, 
chalky marl, argillaceous chalk, bituminous limestones, car- 
bonaceous shales, and clay 

IV. Cenozolc. l* Eocene: Numimili tic limestone, sandstone, 
clay, marl, calear(‘ous sandstones 

2 . OIlKoeene: Hand, clay, marl, and limestone, alternating in* 
thin beds, gypsum, silicious sandstone, conglomerate, lignite. 

3. Miocene: Ikeccia of shells and shell fragments, sometimes 
mixed with sand or passing into a more compact calcareous 
mass and now and then into limestone, clay, sand, marl. 

4. Pliocene: Shelly sands and marls, shelly gravel and con- 
glomerate, peat beds, clay, limestone, soft sandstone 

V. Post-tertiary, l. Plelstoeene: Post-riiocene, or Dilu- 
vial; Ice Age rocks with smooth-grooved surfaces ground by ice. 

3. Recent or Human Period: Kiver alluvia sand, brick 
earth, rocks, and mineral Ijcds containing implements made by 
man. 


13. EARTH. 

Circumference of the Earth, 40,000 kilometres. 

2r>,{X)0 miles, about. 
21,000 nautical miles. 
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DIampter at Equator, 12,752 5 kilometres— 7025 miles. 

Dlanipter at Poles, 12,7111 -4 kiloitietres— 7912^ miles 

Part of earth’s surfaee eo\ered by salt water or Oeeanic 
Basin of tlu* whole surface 

Continents or eoti I i Mental plateaus, dry land=-j‘'[ of the sur- 
face of eartli 

The great o‘<t Depth of the Ocean below wafer-level reaches 
probably 50,000 ft 

I)e])th across tlu* telcKraplilc phiteaii froui Newfoundland 
to Ireland, from 10,000 to ir>,0(Ml It 

Mean' depth of tlie Paeltle Ocean between Japan and San 
Francisco, as determined by Prolessor llache in 1855, about 
13,000 ft 

Height of atmospheric air, 10 to <15 miles. 

HlKhest IVIoiintaln naaisured: 

Mount Everest in tlte lllmalayas, 29,000 ft. Mean height 
of Europe, 070 ft ; Asia, 1150 ft ; North America, 74S ft. | 
South America, 1132 ft.; Africa, probably IhOO ft ; Australlat 
perhaps 600 ft. 


14 . (X)NSTlTimON OF IKK^KS. 

Quartz, or Silica: One of the mo.st almndant atul hardest 
minerals. Does not nu>It Iiefore tlie blowpipe and docs not 
dissolve in water 

Quartz crystallizes generally in hexagonal prisms with pyra- 
mid ends and in other crystalline systems Color, when pure, 
transparent, colorless. 

Silica ordinarily milky, reddish, yellowish, brownish, and 
rarely black. Fracture conchoidal without cleavage 

Silica secreted by animal species. 

Silica spicules by sponges. . Silicious kIk'IIs by microscopic 
.forms, polycystines, and by microscopic plants, diatoms. 

Chemically, silica is a combination of silicon and oxygen, . 
SijOa, Silicates are combinations of silica with alumina, mag- 
nesia, lime, potash, soda, o.xids of iron and other oxids. 

Alumina, W'hen pure and crystallizod as in sapphire and co- 
rundum, is the second hardest substance It is infusible and 
insoluble in water. A rock-like variety is us(‘d as emer^ 

Magnesia, infusible and insoluble, as hard as cpiariz when 
ciystallized. 
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Lime, potash, and soda and also oxid of iron, form fusible 
combinations with silica. 

Feldspar, double silicate of alumina and lime, of alumina 
and potash or of alumina and soda, (bmmon feldspar, or ortho- 
clase, is mainly a double silicate of alumina and potash. 

Feldspar, named Albito, double silicate of alumina and soda. 
Labradorite, double silicate of alumina and lime. Fracture, 
cleavage structure in two directions with flat and shining 
surfaces Hardness about equal to quartz. Color: Albite, 
usually white; labradorite, often brownish; other kinds some- 
times flesh-red. 

Mica is also a double silicate of alumina and of potash, lime, 
magnesia, or oxid of iron, (leaves into very tl»in, tough leaves. 
Color transparent, some milky, brownish, and black. 

Hornblende and Pyroxene, a combination of silica, magnesia, 
lime, and protoxid of iron. Hornblende often occurs in slender 
needle-shaped crystals called asbestos when fibrous. Color 
dark green, greenish black, and black, sometimes gray and 
white. Cleavable. Hardness similar to feldspar, fusibility 
greater. Specific gravity = 3 to 3.5. 

Garnet, in crystals, dodecahedrons or trapezohedrous, dis- 
seminated in rocks. 

Tourmaline, in prismatic crystals of 3, 6, 0, or 12 surfaces, 
generally imbedded in gneiss and mica schists, sometimes in 
quartz. 

Talc and Serpentine i Silica, magnesia, and water. 

Talc, Soapstone, or Steatite t Very soft. (\>lor pale green. 

Serpentine I Harder than talc; can be car\’ed with a knife. 
Color dark green, texture fine-grained. 

Carbon in its pure state and crystallized is the diamond, the 
hardest known substance. 

Graphite, or Black Lead t Soft and friable. 

Charcoal is carbon combined with a small portion of ashes of , 
various composition, according to the organic source from which 
it is derived. 

Bituminous Coals are combinatiCns of carbon, hydrogen, and 
some oxygen with more or less silica, alumina, lime, iron, sul- 
phur, and other substances constituting the ashes of a gr^t 
variety of compositions left after combustion. 

. Anthracite Coals are carbon combined with a variety of toIk 
stances left after combustion as ashes. 
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Carbon in burning combines with oxygen, forming, when 
the combustion is complete, carbonic acid or dioxid of carbon, 

a\ 

Carbonate of Lime, or Calcite, is a combination of lime and 
carbonic acid. It crystallizes in various forms, especially as a 
rhombohedron . Cleaves in three directioiis with shining surfaces. 
Hardness: can be scratched witi> a knife. It is decomposed by 
acids, especially' hydrochloric and sulphuric, with liberation of car- 
bonic acid. It is also decomposed by heat (bright-red or white) 
in a kiln or by a blowpii^c, and is thereby converted into caustic 
lime or' quicklime. 

Dolomite, or Magnesian Llme.stone, is a double carbonate of 
lime and magnesia. It is decomposed by acids when heated. 


15 . BEAUME’S HYDROMETER. 

Degrees of liquids heavier and lighter than water and corre- 
sponding specific gravities at (’ . 


II 

Specific Clravity 
of Liquids 

Baiimc 

Degree 

Specific (Iravitj 
of Liquids 

Baum 4 

SrKJcific Gravity 
of Liquids 

Heavier 

than 

Water 

Lighter 

than 

Water 

Heavier 

than 

Water 

Lighter 

than 

W'ater 

Degree 

Heavier 

than 

Water 

Lighter 

than 

Water 

0 

1 000 


26 

I 206 

0 901 

52 

1 520 

0.777 

1 

1.007 


27 

1.216 

0 896 

53 

1 635 

0.773 

2 

1.013 


28 

1 226 

0 890 

54 

1.561 

0.768 

3 

1 020 


29 

1 m 

0.885 

56 

1.667 

0 764 

4 

1.027 


30 

1.246 

0 880 

56 

1.583 

0.760 

5 

1.034 


31 

1.2.56 

0.874 

57 

1,600 

0.757. 

6 

1 041 


32 

1.267 

0 869 

58 

1.617 

0.^63 

7 

1.048 


33 

1.277 

0 864 

59 

1.634 

0.740 

8 

1,056 


34 

1.2SS 

0 859 

60 

1.652 

0.746 

9 

1 063 


35 

1.299 

0.854 

61 

1.670 


10 

1.070 

1.000 

36 

1.310 

0.849 

62 

1.689 


11 

1.078 

0.993 

37 / 

1.322 

0.844 

63 

1.708 


U 

1.086 

0.986 

38 

1.333 

0.839 

64 

1.727 


13 

1.094 

0.980 

39 

1.345 

0.834 

65 

1.747 


14 

1.101 

0 973 

1 40 

1.357 

0 8.38 

66 

1.767 


16 

-1.109 

0 967 1 

i 41 

1.369 

0.825 

67 

1.788 


16 

1.118 

0 960 

1 42 

1.382 

0,820 

68 

1.809 


17 

1.126 

0 954 

' 43 

1.395 

0.816 

69 

1.831 


18 

1.1.34 

0.948 

44 

1 407 

0.811 

70 

1.854 


19. 

1.143 

0.942 

45 

1.421 

0 807 

! 71 

1.877 


20 

1 152 

0 9.36 

46 

1 434 

0 802 

1 72 

1.900 


21 

1.160 

0 9.30 

47 

1.448 

0 798 

' 73 

1.924 


22 

1.169 

0 924 

48 

1.462 

0,794 

1 74 

1.949 


23 

1*178 

0 918 

49 

1 476 

0 789 

: 75 

1.974 


24 

1.188 

0 913 

50 

1.490 

0 785 

1 76 

20^ 


25 

1.197 

0 907 

61 

1.505 

0 781 




If for 0* “0® TwaddeJl the sixiciBc gravity- 1000, then fpeeifio 

gravity for x® Twad<kU-lOOO+0x. 
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ELEMENTARY SUBSTANCES, with some chemical and physical data. 
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5 M.i 
S-2g 

•I. 

eeo 

S 

1420 

900 

440 

1550 

940 

IslJ^ 

212 

954 

95.6 

1100 

114,5 

228 

415 

Specific 

Grav- 

ity 

4.788 

10.5 

0 974 
2 5 

2 03 

6.11 

11.8 

7.3 

18 

18.6 

7.1 

Electro- 
chemical 
Ekjuivalent 
Deposited 
by One 
Coulomb 

milligrams 

1.118129 

0.2.38857 

0.453309 

0.166070 

10.611699} 

0.3058491 

0.6353521 
0.317676 1 

0.338635 

£ 

S 

Salts 

Haloids 

Haloids 

Sulpbids 

Stannous salts 
Stannic salts 

Oxids 

Tungstates 

Salts 

Atomic Weights 

Hydrogen 

101 35 
149 62 
43.89 

78 80 

28 33 
107 65 

23 

87 38 

31 98 
182 13 
124 69 
1.59 6 

203 67 
232 

170 27 
118.70 ] 
47 88 
183 54 ] 
238 9 
51.26 

172 57 
88.88 
65.14 
90.38 

|<o 

S’-' 

101 . 68 
150 . 26 
44.12 
79.02 
28.40 
107.93 

23 04 
87.61 

32 06 
182 8 

125 

160 

204. 18 
232 63 
170.7 

119.05 
48.15 

184 

239.6 

51.4 

128 

173.2 

89.1 

65.4 

90.4 

Valency 

2-3-4 

3 

3 

2-4-6 

4 

1 

1 

2 

2-4-6 

5 

2-4-6 

5 

1-3 

4-2 

1 

4-2 

4 

2-4-6 

4-6 

5-1-3 

? 

3 

3 

2 

4 

] 

a 

•» 


'' Substance 

Ruthenium 

Samarium 

Scandium. 

Selenium. 

Silicon. 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium. , . , ... 

Thulium 

Tin 

Titanium. ....... 

Tungsten 

Uranium. . ..... 

Vanadium 

Xenon 

Yttei^ium 

Yttrium 

Zinc 

Zirconium. ’ 
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Supposed elements not included; Radium, holmium, polo- 
nium, actinium, victoriura, lucium, russium, disprosium, and 
europium. 

Explanation: The symbols in chemical formulas and in 
chemical equations designate not only tlie substance but also 
the weight of the substance entering into the compounds repre- 
sented by the formulas. This weight is tlie atomic weight. 
The numbers in the columns of h\drogen=l have been gen- 
erally employed; but recently it lias been proposed to use 
the numbers in the column oxygen — Ifi, in whicli case, from 
the most' recent determinations, the atomic weight of liydro- 
gen = 1.00275. However, according to tables published by E. 
W. Morley in 1895, for O— 10, H = 1 0070. 

A small number at the right-hand lower or upper part of 
a symbol means that tlie atomic weight of the substance should 
be multiplied by that numl>er. For instance, AljOa means 
2X27 = 54 parts of aluniini'um are combined with 3X16=48 
parts of oxygen to form alumina. 

17. , Weights in Vacuum. 

Coeffletents, 

For reducing the weight of substances of various specific 
gravities, weighed in air with brass weights, to their equivalent 
weight in vacuum. 


G , specific gravity; C, coefficient. 


G 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2 

3 

4 

5 

6 

C 

1.36 

1.06 

0.86 

0.71 

0.61 

0.52 

0.46 

0 26 

016 

0.10 

0.06 

G 

7 

8 

8.5 

9 

10 

11 

12 

14 

16 

18 

20 

.c 

0.03 

0.01 j 

0 . 00 * 

- 0.01 

- 0.02 

- 0.035 

- 0.05 

- 0.06 

- 0.07 

- 0.08 

- 0.09 


C, the coefficient found in the table, is to be multiplied with 
f'M weight in grammes; the product gives the number of 
milligrammes to bemadded to or to be deducted from the weight 
in air of the substance. 
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18. Table of Assay Tons. 

In Grammes, Troy Ounces, and Troy Grains. 

An assay ton contains us many milligrammes as there are 
Troy ounces in a ton of 2000 pounds adp. 


Ass;i.v 

Tons 

1 

Gms. 

i 

Troy 

Giain-s 

Troy 

Ouncehj 

Assay 

Tons 

Gms. 

Troy 

Grains 

Troy 

Ounces 

1 

; 29 

450 1102 O.9377I 

1.5 

43.7500 

G75 1653 

1 . 4065 

2 

] 58.3333 

900 2204 

1.87541 

2 5 

72 91G7 1125.2755 

2 3442 

3 

' 87 500 

1350.330G 

2.8131 

3 5 

102 0833 1575 3857 

3.3819 

** 

IIG 6G(»7 

1800 4408 

3. 7508] 

4 5 

131 2500 2025.4959 

4 219G 

5 

1 15 8333 

2250 .551 

'4.r)8S5' 

5 5 

IGO 41fiG 2475 GOGl 

5 1573 

0 

'175 000 

2700 GG12 

5 G2G2 

G 5 

189.58.33 2925 71G3 

G 0950 

7 

2J4 IGG7 

3150.7714 

G. .5G09i 

7.5 

218.7.500 3375. 82G5 

7.0327 

8 

233 3333 

3000 881 G 

7.5016' 

8 5 

217. 81 G7 3825 93G7 

7 9704 

9 

2(i2 500 

4050 0918 8.4393: 

9 5 

277 0833 427G 04G9 

8 9081 

10 

j291 (;GG7 

4501 102 

9 3771' 

! 1 

10 5 

30G 2500 4720.1.571 

1 

9.8459 


19. ANALYTICAL COLOR INDICATORS. 

Litmus Solution, Litmus-paper. Digest in 6 parts water, 
1 part litmus; filter. To one half of the solution add nitric 
acid until color turns reddish; mix: with the second half; add 
1 part alcoliol. 

Normally blue, turns red b}'- a drop of ^’e^y weak acid solution, 
which a trace of base restores to blue. Reliable with alkaline 
sulphates, nitrates, cfdorids, sexlium sulpliid, sodium silicate, 
and free oxalic acid. 

Neutral with sodium thiostilphafe and potassium nitrite. 
Cochineal Solution, Cochineal Paper. Digest in 15 c.c. 
alcohol and 100 c.c. water. 1.5 grammes pulverized cochineal, 
stir, and after a few days filter. 

Normally orange in an acid solution, turns purplish red by 
the addition of a saturating drop of weak solution of a base; 
by an added drop of acid, solution returns to ruby red, chang- 
ing gradually to orange. 

Methyl Orange. Dissolve 1 grm. in 1 litre of water. To 
100 c.c of solution to be titrated are added 4 or 5 drops of the 
methyl-orange solution. 

Pale «Jemon-yellow m alkaline solutions changes to pink by 
the addition of mineral acids. 

Reliable with alkaline phosphates, sodium silicate, soda .in 
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borax. Neutral with sodium thiosulphate. Inadmissible with 
pota«si.im nitrite, free oxalic, acetic, tartaric, citric, carbonic 
acids, and lime-juice. 

Phenolphthaleinc, One gramme of the yellowish- 

white crystalline powder is dissolved in 100 e.c. of 50-pcr cent 
alcohol. 

Normally colorless, remains enlorlses in acid solutions By 
the addition of a solution of a base, a point is readied wlien 
the mixture turns suddenly red. 

Reliable witli potassic and sodic sulphates, nitrates and 
ehloridsj sodium aluminate, free oxalic, acetic, tartaric, citric 
acids, and lime-juice. 

Neutral with sodium thiosulphate, potassium nitrite. 

Inadmissible with ammonia, ammonia salts, and soda in 
borax. 

Phenacetolinc* Boil for scA’oral hours phenol, acetic anhy- 
dride, and sulphuric acid in molecular proportions, wash with 
water, and dry. Dissolve 2 parts in 1000 parts 50-per a*nt 
alcohol. 

Normally faint yellow when in excess with alkaline solu- 
tions; of a dark-pink color when saturated wit.li acid. Reliable 
with alkaline sulphates, nitrates, phospliates, dilorids, and 
sodium aluminate. Neutral with sodium tliiosulpliate and 
potassium nitrites. Inadmissible with free oxalic, acetic, tar- 
taric, citric acids, and lime-juice. 

Coiig;o Red. Dissolve 1 gmi. in 100 gmis. of 30-per cent 
alcohol. Add 10 drops to the liquid to be titrated. 

Normally red, remains unaltered in neutral and basic solu- 
tions of salts. Free-acid solutions color it blue. Neutral with 
acid salts and organic acids. Inadmissible with alkaline sul- 
phates, sulphites, nitrates,' and chlorids. 

20. REAGENTS. 

Wet analysis (Wt.), dry assay (Dy.), and blowpipe 
anal^^sis (Bl.). 

Carbonate of Soda, NajCOslOfHjO), Loses lO(HjO) at 
100° C,, h used in Wt , Dy , Bl. 

Bicarbonate of Soda, NaHCOa, Wt , Dy , Bl The* sulphur 
in both can be detected by mixing 2 parts of sodium car- 
bonate with 1 part of borax and fusing the mixture on char- 
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coal in the rcduciiig-flamo of a Idowpipe. Tlie powdered 
mass when cool is moistened on a hright surface of siher foil 
or of a silver coin. A black spot is produced when sulphur 
is present. 

Carbonate of I»otash, K.CMb, Wt,, l)y. lieing very deliques- 
cent, it should be kept powdered in a glass-stopi)cred bottle 
for dry assay. 

Potassic Nitrate, Saltpetre, Nitre, KNOs, Wt., Dy. Should 
be kept dry in a finely i)owdered state. It is used iis a flux 
and as oxidizing agent in dry a.ssny. 

Borate of Soda, Borax, Na.,02(Ho,().,) + 1()(H2()), l)y., Rl. 
The commercial article is ])urified by crystallization. Cal- 
cine and vitrify the dried crystal, and preserve as a coarse 
powder. 

Boraeic acid, IlOjO-j + fKllJ)), 1)>. Loses 2(H2D) at 100° C., 
and the remaining IlJ) at a red heat. 

Bitartrato of Potash, Cream of Tartar, Hydropotassic Tar- 
trate, Argol (crude), Cjll^O^KIlO, Dy Black Flux is the 
residual after calcination, and is an intimate mixture of car- 
bon and carbonate of potash; it is to be kept in a powdered 
state and dry. 

Black Flux Substitute, Dy.; Mix 10 parts bicarbonate of 
soda with 3 parts of flour and calcine. 

Wood Charcoal, C., Dy.; Is used powdered as a reducing 
and as a desulphurizing agent. 

Salt of Phosphorus, Double Phosphate of Soda and Ammonia, 
Mlcrocosiuic Salt, NaNHaPOglljO, Bl. Dissolve in 100 parts 
of hot distilled water, 32 parts phosphate of soda, and 16 parts 
salammoniac, lulter hot, dry the crystals which form on 
cooling, and keep as coarse pc>wdcr. The glass formed, in 
the blowpipe flame should be transparent and remain so on 
cooling. 

Nitrate of Cobalt, N2CoOg2(H20), Bl. Dissolve protoxid of 
cobalt in dilute nitric acid, evaporate. The red crystals so 
obtained dissolve in 10 parts of distilled water and keep in 
ground-glass stoppered bottles. 

Oxalate of Cobalt, ChO, Bl. ITsed as a powder, 

as a substitute for nitrate. 

Carboifate of Ammonia, 4(NH.3)3(C02)+2H20, Wt., Dy, 
Used in the shape of a fine powder for desulphurizing roasting 
ore. 
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Potasslc OyanM? Cj^anld of Potassium, KNC=KCy, Wt., Dy. 
Used granulated ur pulverized, should be kept dry. Desul- 
phurizing and reducing agent Ts vitv poisonous. 

Perrocyanld of Potassium; Yellow Prusslato of Potash, 
FeK,(\v, 4- H,,0, Wt. K(‘ep in solution 1 part in 12 parts dis- 
tilled water. 

Bichromate of Potash; Potassle Dichromato, Wt. 

Dissolved in distilled water for delemiination of rarbon in iron 

lodid of Potassium, KI, Wt Em ployed .solid or as a dis- 
solution of 1 part in 10 parts of distilled uater 

Sulphoc’yanid of Potassium. KSKCy, \\ t. Di.ssolution of 
1 part in 10 parts of distilled water. 

PermanKaiiatc of Potash, KMiiO,, Wt Dissolve 0 3952 
g' amine in 1 litre of distilled water. One centimetre cube 
of tliis solution contains 0 1 milligramme of a^■ailal>le oxvgen 

Caustic Potash; Potas.slc Hydrate, KllO, Wt Solution of 
1 part, in 10 parts distilled whaler, for iron and steel 300 guns, 
in 1 litre of water for COj. 

Hyposulphite of Soda; Sodium Thiosulphate, NagSgOg + nffl^O), 
Wt Melts at 50° C., loses its crystallization water at 100° C 
Decinomial solution consists of 24 8 grms. in 1 litre of dis- 
tilled water. 

Sulphate of Iron; Green Vitriol; Copperas, FeSO, + 7(1120), Wt, 
Use dissolved in distilled water. At 100° C. it loses | of its 
crystallization water. 

Chlorld of Barium; Muriate of Baryta, naCl2 + 2(1120), Wt. 
Dissolve 1 part in 10 parts of distilled water. If 10 cc of 
this solution arc poured in a solution of a sulpliate salt, 1 16 
grammes of barium sulphate, HaSO^, are precipitated, con- 
taining 0.4 gnu. of sulphuric acid, SO3, or 0.16 gnn. sul- 
phur, S. ' 

Mercuric Chlorld; Corrosive Sublimate, Hgdg, Wt Dissolve 
Itpart in 10 parts of distilled water; dilute as reijuired. 

Stannous Chlorld; Protochlorld of Tin, Sn(l 2 + 2(1120), Wt. 
Dissolved in distilled water it reduces peroxids to protoxids 
End sometimes to the metallic state w'hen they are combined 
with acids. • 

Citrate ol Ammonia, Wt : To be dissolved in dis- 
tilled water, # 

Cbiorld of Sodium; Common Salt, NaCl, Wt.; For silver 
determination dissolve 5.417 grammes, chemically pure, in^ 
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litre of distilled water (Gay-Lussac). One cubic centimetre of 
this solution will precipitate one centigramme ot silver from its 
solutions. 

From a solution of 58.5 grammes of sodium chlorid, chem- 
ically pure, in 1 litre of distilled water, 1 c.c. will precipitate 
from a silver .solution 108 milligrammes of silver, called one 
milligramnu' eriuivalent of silver 

Nitrate of Silver, N.AgOa, Wt.: From a solution of 4.8022 
grms cli. p in 1 litre of di.stilled water, 1 cc precipitates silver 
clilorid, from a sodic-chlorid solution, containing 1 milligramme 
ol ehlorin 

Peroxid of Manganese; Manganese Dioxid; Black Oxld of 
Mangane.se, MnO.,: One litre of ehlorin gas will be produced 
at 0°C. and 0 7(i() barometric pres.sure by 3.98 grammes of 
pure peroxid and 25 to 30 c.c. of pure liipiid liydrochloric acid. 

Litharge; Yellow Oxld of Lead; Plumbic Monoxld, PbO, Dy.: 
Fuse, pour in a cold mold, pulverize, and keep in a well stoppered 
bottle from contact with air. 

Silica; Silicic Acid; Silicic Dioxld, SiOj, Dy: Precipitated 
silica to be used as a flux. 

Sulphuric Acid; Wt., Bl.: At maximum concen- 

tration tiie acid boils at 325° C. = G17° F. It congeals at 
-35°C=-31° F. At a temperature of 15°C.==59° F. its 
density is 00° Baum^*, or 1.848 siKscific gravity. 

Normal solution 00 grms. in 1050 c.c. of distilled water. 

Hydrochloric Acid; Muriatic Acid; As a gas CIH, liquid 
or dissolved in water aH+3(H,/)), Wt., Bl.: Gaseous at 
ordinary temperature and pre.ssurc. The saturated solution 
in water contains 0 75 acid for 1 part of water by weight. 
Specific gravity of the solution, 1.21, 

Nitric Acid, NHOs, Wt, Bl.: The specific gravity at max- 
imum concentration is 1.51, boiling-point 8G° C. = 186.8° F., 
congelation-point —55° C. = -07° F. 

A hydrated acid of the formula N 2054 (H 20 ) boils at 123° C.« 
252.4° F 

Aqua-regia, Wt., Bl. : This is a mixture of concentrated 
nitnc and hydrochloric, acids in various proportions. 

The mixture in proportion to atomic weights Consists of 
7 parts*nitric acid to 10 parts by weiglit of hydrochloric acid. 

A mixture often employed is 1 part nitric and 4 parts hydro- 
chloric acid. 
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A test acid for gold on touchstones consists of a mixture of 
nitric acid, sp. gr. 1.34, 98 parts, and hydrochloric acid, s[). gr. 
1.173, 2 parts. 

Molybdic Add, \Vt Various nioh l)date solutions 

1 111 417 c c. of amnioiua sp gr 0 9(» dissolve 100 grnis 
molybdic acid. Pour this solution slowly in 12r)0 cc of nitric 
acid sp gr. exactly 1.20 Keep in a warm |)laco for sevc'ral 
days, decant from sediment and prc'serve tor use 

2 In a mixture of 02 cc distilled water and 333 cc 
ammonia of 0 95 sp. gr dissolxe 123 gnus of crystallized 
molybdate ot ammonia, and under stirring add 1250 cc nitric 
acid of 1.2 sp. gr. After several days syphon the clear lupiid 
off for use. 

Magnesium Chlorid, Mg(1o + OlljO, \Vt : For the prepara- 
tion of the magnesia mixture, dis.sol\e lit) grins of crystallized 
magnesium chlorid in distilled water, or dissohe magnesia, 
MgO, recently ignited in dilute hydrochloric acid When 
dissolved add magnesia, MgO, slightly in excess; boil, filter, 
then add 28 gnus, ammonium clilorid dissolved in 700 c.c 
of ammonia, sp. gr. 0.90, and finally dilute with distilled water 
to 2 litres. 

Cuprou.s Chlorid, Cut'!!, Wt.: Of scant .solubility in water, 
it is u.sf'd as an absorbent of carbon monoxid, ('0. 

Pyrogallle Acid, C^HgOa, Wt : Is used as an absorbent of 
free oxygen, 

21, NORMAL SOLUTIONS 

in Distilled Water for Volumetric Analysis. 

1 c.c. of any acid aeutra]ize» 1 c.c. of any alkali solution. 

Number of Grm.s. of Acids in Number of Grni.s. of Alkalies in 100 c.c of 

100 c.c. of Normal Solution | Normal Solution 

'BjSCte Sulphuric. . , . 4 900 NIJ3, Anhydrous ammonia . . . 1.700 

HNO3, Nitric. . .. 6 300 NH4OH, Ammonia hydrate 3.500 

HCi, Hydrochloric. . 3 040 NH.Ht'Oa.NIhNH^ O,. 5 233. 

HI, Hydnodic. . .. 12 760 KOH. Potassium hydi ate 5 600 

HBr, Hydrobromic, . 8.080 K^COs, Potassium caibunate. ... 6 900 

HCHO2, Formic 4 600 KIK’Ga, Potas-sium carbonate . . 10 000 

HCoHaOa, Acetic . 6 000 NaOH, Sodium hydrate. ... 4 000 

H2C204 + 2H'20, Oxalic 6 300 Na2C03. SodiuniVarbnnate . 5 300 

Tartaric. 7.500 Na-»C03+ IOH2O, Sodium carbonate 14.300 

HAH6O7 + H2O, Citric 7.000 NajHCOa, Sodium carbonate. ... 8 400 

HP^HfiOa, Lactic. . . 9 000' (’atOIl);, Calcium hydrate #.3 700 

'HCtHbOs, Salicylic. .. 13.800 CaCXJa. Calcium carbonate. 5 000 

HCrHiOa, Benaoic ... 12.200| Ba(()tf > 2 , Barium hydrate 8.534 
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22. PRELIMINARY HEAT TESTS OF MINERALS. 

For ascertaining tlie presence of the hereafter indicated sub- 
ftanct^s in a mineral compound, by means of an ordinary or 
of a blowpijM^ flame. 

R — reducing, 0= oxidizing flame. 

Ammonia: Mix any ammonia salt with carbonate of soda; 
heat in a glass tube closed at one end. A sublimate of car- 
bonate of ammonia will be formed in the cold part of the glass 
tube; the ammonia vapor itiay be recognized by t'hc odor, 
or by the formation of white vapor around a glass rod dijijx'd 
in dilute hydrochloric acid, held over the mouth of the glass 
tube 

Nitric Acid: Nitrates deflagrate when heated on charcoal 
Heated in a glass tube closed at one end they emit red fumes 
of nitrous acid. If in small proportions mix the nitrate with 
bisulphate of potash before h<‘ating in the ttibe. 

Sulphur and Sulphuric Acid: Sulphids heated in the O-flame 
emit sulpliurous vapors of the well-known odor, floated in 
the closed end of a glass tube, a yellow subliniate of sulphur 
forms in the cold part of the tul>e. 

The powdered substance mixed with two parts soda and 
one part borax heated on charcoal in the R-flame, fonns a 
mass, a little of which moistened on a bright silver surface 
of a coin produces a black spot if sulphur or sulphuric acid 
was present in the mineral. 

Chlorin: In salt of phosphorus on a platinum wire dissolve 
oxid of copper in tlie O-flame, add powdered mineral, expose 
to flame If the assay is enveloped by a blue or purple flame, 
then chlorin is present. 

If the mineral is soluble, add a drop of the solution to a few 
drops of copper or iron sulphate solution on a bright silver 
surface A black spot on the silver indicates the presence 
of chlorin in the mineral. 

Bromin* With tlie same treatment indicated for chlorin, 
bromin will impart to the flame a greenish coloration. 

lodin: Free iodin imparts to a solution of starch-paste a 
blue col»r. 

Pluorin: To the pulverized mineral in a glass tube add suffi- 
cient sulphuric acid to moisten it and submit to a gentle heat, 
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when hydrofluoric acid will be evolved, which will corrode the 
gkfss of the tube. 

Phosphoric Acldj A small piece of the mineral held in plati- 
num tongs and dipped in sulphuric acid when heated at the 
point of the blue flame ^\ill impart to the outer flame a greenish- 
blue color. 


33. BLOWPIPE ANALYSIS. 

APPAIUTI’S. 

1. One blowpipe. 2. One oil-lamp, candle, or gas-burner, 
.‘b One piece of charcoal of light wood, having plane, smooth 
surfaces. 4. Several pieces of horse-hair platinum wires with 
loops. 5, One platinum foiL G. One aluminum foil U"X5". 

7. A number of hard glass tubes free of lead, 5" to 8" long, J to 
inch bore, some closed at one end, others open at both ends. 

8. One pair of forceps with platinum points. 9. One mortar 
with pestle, both of agate or of hard-burned clay, small size. 
10. One hammer of steel, hardened and polished. 11. One 
anvil of steel, hardened and polished, small size. 12. One 
magnet. 13. One magnifying glass. 14. An assortment of 
small watch-glasses. 15. One three-cornered saw-file. 


33a. TABLES OF PHYSICAL AND CHEMICAL CHAR- 
ACTERISTICS. 

Preliminary Remarks on the Construction and Use of the 
Characteristic and Mineralogical Tables. 

The following tables have been compiled for the purpose of 
enabling any amateur, capable of detennining specific gravi- 
ties and familiar with the use of the blowpipe, to determine 
approximately the constituent parts of any mineral which 
may tome under his observation. 

The crystallographic part, which in, itself forms a science, 
is indicated only by the crystalline system to which any par- 
ticular crystal may belong. ^ 

The classification in the Tables of Mineral Characteristics 
has been established approximaStely in accordance with the 
order erf importance or usefulness' of the metal or metalloid 
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which forms the principal or predominant constituent of the 
mineral. 

The reference numbers in the first column of the Table of 
Mineral Charactenstics are repeated on the second page of 
the Tables, this second page being a continuation of tlie first 
page. The same relcreiice miml)ers with the cliemical symbols 
of the classified metal or metalloid will be lound opposite tlie 
names in the ‘^Alphabetical List of JMlncruls.’* 

The headings ot the different columns in the “Tables of 
Mineral Characteristics” correspond v\ith the titles of the 
different Tables of Physical and Chemical Characteristics, com- 
prising tlie Tallies of Physical Pro|)erlies from 24a to 24f and 
the tables indicating chemical tests from 25 to 28. Each 
table contains, opposite reference numbers or reference letters, 
words, or sentences, designating any specific pliysical or chemical 
characteristic of minerals, winch ha\e lieen examined and sub- 
ject'd to treatment with tlie various chemical agents indi- 
cated. The same reference numbers or reference letters in 
the various columns of the tables of “Mineral characteristics” 
should therefore be translated m the words or sentences which 
they represent. 

A mineral sample may consist of a mixture of several min- 
eralogical specimens, in whicli case the different parts should 
be separated mechanically and each specimen should be ex- 
amined and treated separately The obsen’cd physical and 
chemical characteristics of the mineral specimen under exam- 
ination should be recorded on a sheet of blank paper, lined 
into columns similar to tlie columns of the Tables of “ Mineral 
Characteristics,” and provided with the same headings and 
in the same order Tlie recording should be done by means 
of the reference numbers or letters corresponding with the 
statements of similar or closely analogous characteristics in 
the explanatory tables The resulting record being then com- 
pared with that contained in the Tables of “Mineral Char- 
acteristics,” will at once show the class and pfobably indi- 
cate the particular name of the mineral examined, if the latter 
belongs to the more common, but at the same time more impor- 
tant kinds of minerals. For rarer minerals and for minerals 
requiring a minute distinction of their crj^stalline forms, refer- 
ence should be had to some good treatise on mineralogy. 



BLOWPIPE analysis 


39 


U. TABLES OF PHYSICAL PKOPEllTIES OF MIN- 
ERALS. 

Note: All reference numbers or letters in tlie followinij; tables 
are used in the Tal)Ies “ Mineral Chararterl.stle.s,** in the columns 
headed by the title of cacli of the explanat-ory ta(»les as repre- 
sentatives of the qualifying word or sentence following the 
reference number or letter: 


24a. * Condition and Structure. 



Malleable 

1 

Massive 

8 

Fibrous 

ir> 

& 

Ductile 

2 

Amorphous 


separable 

16 

c 

Sectile 


Lamellar 

9 

Ka<liate<l 

17 

d 

Flexible 

4 

Foliated 

10 

Fa I thy 

18 

e 

Elastic 

5 

Micaceous 

11 

Stellate 

19 

f 

Brittle 

6 

Columnar- 

12 

Concent lie 

20 

e 

Tough 

7 

Fibrous 

VS 

Mamillaiy 

21 

l 

Liquid 


compact 

14 

Botryoidal 



Globular 

Itfiniform 

Stalactitio 

Granular 

Acicular 

Filiform 

Crystalline 


24b. Hardness. 


1 is the softest and 10 is the hardest mineral. 

(A sharp edge or corner of a mineral with a higher numlicr will scratch 
the minerals of the lower numbers.) 


1 

Talc, Kaolin, Graphite 

0 

Orthochise, Opal 

2 

Gypsum, Sulphur, Brucite 

7 

Quartz, Tourmuiine 

3 

Calcite 

8 

Topaz, Spinel 

4 

Fluorite 

9 

Corundum, Ruby 

5 

Apatite 

10 

Diamond 


24c. Specific Gravity. 

Solids and Liquids. Call the specific gravity of a substance 
heavier than water G. 

Its weight in air=IF. Its weight in water=w>. Then the 
weight of the same volume of water as the substance examined 
is W--W ai^d the specific gravity is 


Substance lighter than water, call its specific gravity sgf. 

Its weight in air=I]",. The weight in water of a substance 
heavier than water The weight in water of the light and 
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heavy substances attached together »=wjj. Then the weight 
in water of the lighter substance and 


Wi TFi 

Liquids. — Weight in water of a solid substance hea\ner than 
water^io. Weight of the same substance in the liquid to 
be examined =?0n. Weight of the solid in air = IF, Weight 
of water displaced by the solid = IF —u?. Weight of liquid dis- 
placed by the same solid = IF —Wn. 

Then the specihe gravity of the liquid 


TF~ 
- w-^'i 


24A. Crystalline Systems. 

Normal Crystal Forms and their Limiting Surfaces. 

1. Isometric, Monometric or Tesseral System. 

Three axes of equal length perpendicular to each other. 
Three equal perpendicular planes of symmetry. Six equal 
diagonal planes of symmetry. 

Cube I 6 equal squares. 

Octahedron i 8 equal equilateral triangles. 

Dodecahedron i 12 equal rhombs 

Tetrahexahedron 1 On each of tlie squares of a cube is a 
pyramid of 4 equal isoscelc triangles, in all 24 equal isoscele 
triangles 

Trigonal-trisoctahedron I On each of the 8 equilateral tri- 
angles of the octahedron is a triangular pyramid formed by 3 
equal isoscele triangles in all 24 equal isoscele triangles. 

Tetragonal-trisoctahedron, or Trapezohedron t Each of the 
8 equilateral triangles of the octahedron is replaced by 3 .e<iual 
trapeziums, in all 24 equal trapeziums. 

Hexoctahedron } Each of the 8 equilateral triangles of the 
octahedron is replaced by 6 equal scalene triangles, in all 48 
equal scalene triangles 

Tetrahedron! 4 equal equilateral triangles. 

Pyritohedroni 12 irregular pentagons. 
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II. Tetragonal or Dimetric System. 

Three axes perpendicular to each other, two of which are of 
equal length, the third being longer or shorter. One pair of equal 
planes of symmetry nonnal to the faces, one pair of equal planes 
of symmetry diagonal, and one plane perpendicular to the two. 

Square prism: 2 equal opposite squares and 4 equal adjacent 
rectangles. 

Double square pyramid: 8 equal isoscele triangles limiting 2 
equal pyramids with a common square base. 

Sphenoid : 4 equal isoscele trianghis 

Octagonal prism: 2 octagonal bases the opposite sides 
being equal and part of the sides of a square; the adjacent 
sides unequal; 8 rectangles with equal opposite planes and 
unequal adjacent planes. 

Octagonal double pyramid, or Zirconoid: 10 isoscele triangu- 
lar surfaces, alternate surfaces around the octagonal base being 
equal, adjacent surfaces uncciual, the opposite equal sides of 
the base being parts of the sides of a square. 

III. Hexagonal System. 

Three axes of equal length in the same plane inclined 60° 
to each other, and one axis of more or less length, perpendicular 
through the point of intersection of the three axes. 

Three equal planes of symmetry normal and three equal 
planes of symmetry diagonal to the faces, intersecting in the 
vertical axis and one plane of symmetry perpendicular to this 
axis 

Hexagonal prism: 2 equal regular hexagonal bases perpen- 
dicular to the vertical axis. 6 equal rectangles parallel to the 
vertical axis. 

' Hexagonal double pyramid: 12 equal isoscele triangles con- 
stituting two pyramids with a common regular hexagonal base. 

Twelve-sided prism: 2 12-sided bases, 6 alternate sides of 
which belong to the regular hexagon, the other 6 sides being 
diagonal, to the first. 12 rectangles perpendicular to the bases, 
opposite faces being equal, while adjacent faces may or ma- 
not be equal. * 

Twelve-sided doable pyramid: 12 isoscele triangles forming 
two equal pyramids with a commqn base of 12 ades, 6 alternate 
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sides of which belong to a regular hexagon, the other 6 being 
diagonal to the first Opposite faces of each pyramid are equal, 
while adjacent faces may or may not be equal. 

IV. Rhombohedral System. 

This having the same axes and plaiies of symmetry as the 
hexagonal is only distinguished from the latter by the differ- 
ence of fonn. 

Bhombohedron I 0 equal rliombs. 

Scalenohodron; 12 equal scalene triangles forming .a solid 
soinewliat similar to a liexagonal double pyramid, with the 
edges formed by the base-line zigzag instead of straight. 

V. Orthorhombic or Trimetrlc System. 

Three uncciual axes jit right Jingles to eacli other. Three 
planes of symmetry cjich different from the otlier. 

Rectangular prism t G rectangles of which two opposite faces 
only are eiiujil. 

Rhombic prism i 2 equal rhombic bases and 4 equal rect- 
angles 

Rhombic double pyramid: 8 equal scalene triangles forming 
two oiiual pyramids with a rhomb for common base. The 
angles formed by similar edges in all the triangles are the 
same 

VI. Monoclinic, Monocllnate System. 

Three unequal axes, two of whicli are at riglit angles to each 
other, the tliird being oblique to the plane of the first two. 

One plane of symmetry. 

Bight rhomboldal prism : Two equal parallelogram or 
rhomboid bases and 4 rectangular surfaces, the two opposite 
faces being equal juui parallel. 

Oblique rhombic prism: 2 equal and parallel rhombic bases 
and 4 symmetrical rhojnboids or parallelograms. 

VII. Triclinic or Triclinate System. 

Three unequal axes all oblique to each other. No plane of 
symmetry. Like surfaces are in pairs only on opposite sides of 
the crystal. 

Oblique rhomboldal prism : 6 rhomboids. Two opposite faces 
' being equal and two adjacent faces unequal. 
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24e. Color and Lustre. 


Ref. 

No. 

Color ' 

lllcf. 

! No 

Color 

Ref 

No. 

Lustre 

0 

Variety of colors 

13 

Light blue 

a 

Metallic 

1 

Colorles.s 

14 

Blue 

b 

Adamantine, Biil 

2 

White 1 

15 

Dark blue 


hunt 

3 

Light gray l 

IG 

Light tirown 

( 

Vitreous 

4 

(Iray 

Dark gray 

17 

Bi own 

d 

Resinous 

5 

18 

Diiik brown 

e 

Pearly 

6 

Black 

19 

J.ighl green 

} 

Silky 

( )|)aiescent 

7 

Light yellow 

20 

llretui 

a 

8 

Yellpw 1 

Dark yellow 1 

21 

Dai k “green 

h 

Iridescent 


22 

Light violet 

7 

Vel vety 

10 

Light red 

23 

\ iolet 

J 

Dull 

11 

Red ] 

21 

Dark violet 

k 

Larthy 

12 

Dark red 

2.'i 

Variou.s Colois on 
the same ininerai 

1 

m 

Banded 

Spotted 


In the tables “30. Allnoral riiaraftorlNllcs,” colors are indi- 
cated by the reference iniiiibois in the* above (able 24c, and lustres 
by the reference letters thereof 'I’he <lifferent colors of a num- 
ber of specimens of the same mineral are indicated by 0, a 
variety of colors. Colorless, 1 , is a substance assumed to be, 
when it is supposed that an object, with its unmodified colors, 
may be visible through two parallel polished plane surfaces of 
the substance. 

Numbers separated by commas, as 8. 11, 17, indicate distinct 
colors* yellow, red, brown; while shaded colors, as 7.11, yellow*- 
ish-red, or 13.2, bluish-white are represented by numbers 
separated by a period, the shading color preceding the pre- 
dominant one. 


34f. Fracture. Optic, Magnetic, Electric Properties. 

Ta.ste, Odor, Solubility of Mineral in Water. 



Fracture and Solu 
bility in Water 


Taste Odor 


Odor Optic, Electric, 
Magnetic 

1 

Crystalline 

1 

Cooling as suRiieter 

13 

Fetid odor 

2 

Cieavable 

2 

Saline as common «alt 

141 

Aromatic odor 

3 

Coar.sely granular 

3 

A''triiigont as alum 

LI' 

Osmic odor 

4 

Fine granular 

4 

Alkaline as soda . 

, n 

Transparent 

Translucent 

5 

Fibrous^ 

Cone hoi lal 

5 

Bitter as Kpsom salt 

, b 

6 

6 

Sour as acid 

c 

Opaque 

7 

Earthy 

7 

Sweet as .sugar 

ri 

Double refractory 

8 

Waxy 

8 

Sulphurous odor 

d 

Electric hf friction 

A 

Deliquescent 

9 

Ar/pllaireous odor 

e 

Electric by heat 

B 

Very soluble 

10 

Alliaceousi odor 

/ 

Magnetic naturally 

C 

Soluble 

11 

Horse-radish odor 

9 

Magnetic after oast- 

D 

Slightly soluble 

12 

Bituminous odor 


ing 
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25. Acid Tests. 

Reduce the mineral to the size of fine grains. Try a few 
grains in a little strong acid in a small test-tube. If a strong 
effervescence lakes place, dilute the acid with water If no 
action is apparent, lieat the acid gently and note the results. 

JCxplanalion: hn n represent dilute and /i, .s, ?/, represent con- 
centrated hydrochloric a(;id (/i), sulphuric acid (.s), and nitric 
acid (n), all at ordinary tempendaire or cold. ‘h's‘n represent 
the same acids lieated to .s" indicate the emission 

of gas by dissolution in the acids, (hs) {hn) (sn) represent 
mixtures of the respective acids 

Example: The action on a sub.stance, easily soluble in cold 
dilute hydrocliloric acid with emission of hydrogen, not soluble 
in sulphuric acid and only .soluble in hot concentrated nitric 
acid emitting nitrous acid gas, will be represented by h's^Ui^. 
The aedion on a sub.stauce, in.soluble in any of the acids singly 
or in any other media indicated, but soluble in hot aqua regia, 
emitting chlorin, would be represented by 0 ‘{hny. 

0 Insoluble in any of the acids or media indicated, 

cold or hot. 

1 Soluble m pure water, 

2 Soluble in ah'ohol 

3 Soluble in sulphuric ether, all cold. 

hs^rio No or very little action by any of the three acids 
singly, cold or hot. 
h s n Dis.solves in cold dilute acid. 

'h's'n Dissolves in hot dilute acid. No emission 

/i, .s, 7 ii Dissolves in coUl concentrated acid. of gas. 

'hi Si ‘111 Dissoh es in hot concentrated acid. 

{hs){hn){sn) Dissolves in a mixture of acids. 
h' s' n' Hydrogen, H. 
h'' n* Carbonic acid, C02. 

A* 5 =* n® Sulphuretted hydrogen, HS. 

h*s*n* Chlorin gas, Cl. Emitted by disso* 

h^s^n^ Nitrogen jieroxid, NO. lutiom 

/i" s* rt® Nitrous acid, NO? 

/i’ s' n' Sulphurous acid SO«. 

s® n® Hydrofluoric acid. HF. 
ha S 3 Ui Solutions gelatinize on cooling. 
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K Ss ^8 Solutions precipitate metals on the introduction of 
other clean metal therein, as clean iron dipped in 
a copper solution is covered with copper; clean 
copper dipped in a silver solution will be silvered. 
s^ Introduced into a solution produces a precipitate 
therein. 

Identification of ga.scs. — Hydrogen burns in air and explodes 
mixed with air. Carbonic acid extinguishes a burning match. 
Chlorin is greenish-yellow in color and has a suffocating smell. 
Sulphuretted hydrogen smells similar to rotten eggs. Nitrogen 
peroxid revives a faint ember on a match. Nitrous acid emits 
reddish vapors. Sulphurous acid has the odor of burning sulphur. 
Hydrofluoric acid corrodes glass. 


26. Heat Tests. 

Candle, lamp, or gas flame, 0.; Idowpipe flame, B.; 

0,, oxidizing flame; R., reducing flame. 

0. Bums when heated with a more or less colored flame. 

1. F'uses easily in G. 

2. Melts in large fragments in G. 

3. Melts in fine particles in G. or in fragments in B. 

4. Molts from small splinters to globules in B. 

5. Thin edges rounded in B. 

6. Very difficult to fuse in B. 

7. Infusil)le in B. 

8. Swells and fuses into globules in G. and B. 

9. Intumesces and fuses o;* becomes pulverulent in G. or B. 

10. Exfoliates by the application of heat or effloresces on ex- 

posure. 

11. Decrepitates. 

12. Glows or phosphoresces in B. before fusing. 

13. .Fuses on charcoal to a globule in R., becoming magnetic.* 

14. Fuses to a globule of sul)oxid, converted into metal with 

carbonate of soda on charcoal by the R. 

15. Fuses on charcoal and is reduced to metal in R. 

16. Fuses on charcoal and evaporates into fumes in 


* MiV^tio here means liable to attraoted by a nMgaeik 
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17. Applying a drop of sulphuric acid after heating to redness 

and reheating imparts to the flame a color. 

18. Applying a droji of cobalt solution after heating to red- 

ness and relieating imparts to tlic mineral ii color. 

19. On charcoal in B. jirodiiees anthnonial, arsenical or sul- 

phurous fumes, di.stinguished by odor or sublimate. 

20. Clianges color and loses transparency in B 

21. Fuses in B. on charcoal, the globule obtained, becomes 

angular on cooling. 

22. Fuses in B to a globule, scoriae or glass of different color. 

23. Emits sulphurous fumes before B., boiling in ()., and changes 

to metallic globule 

24. Changes color in B. or lo.ses tran.sparency without melting, 

25. Fuses in B to a scoriae on charcoal with .soda, mixed with 

more soda and fiLsed again, dc'posits a sublimate. 

26. Changes color m B , but loses the color oir cooling. 

27 Fusible with sulphur 

28. Reduced to nudal in R on charcoal with soda. 

29 Produces a strong flame on charcoal in B. 

30 Melts with srxla on charcoal in B 

31. Frotlxs in B and melts to a slag or mass on charcoal. 


27, Heat Tests in Glass Tubes. 

Glass tubes 5" to 8" long Y' to bore. 

Put a small fragment of the mineral (about the size of a mus- 
tard seed) in the tube and heat .slowly in a candle or gas flame 


Glass Tube Closed at One End. 

1 Melts, evaporates, and condenses wholly in cold part of 

the tube 

2 Melts, evaporates partially, part remaining solid at bottom, 

part condenses in cold part of tube. 

3 Flvapoi^ates and is wholly condcn.sed in cold part of tube, 

witliout change of * composition. 

4. Evaporates and is wholly condensed in cold part of tube, 

with change of composition. 

5. Evaporates and condenses partially in cold part of tube, 

leaving a solid residue. 
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Glass Tube Open at Both Ends. 

a. Evaporates completely and is discluirged as a gaseous prod- 

uct ot combustion. 

b. Evaporates and is partially condensed in tlx' cold j)art of 

tube, and partially discharged as a gasc'ous product of 
combustion. 

c Evaporates partially with gaseous discharge* lca\'ing a solid 
residue. 

d. Evaporates and is converted in a compound condensing in 
cold part of tube. 


38. Pyro-cheniical or Blowpipe Tests. 

with Borax <»r Phosphorus Salt, and on Chareoal. 

0 , oxidizing flame; K , reducing flame 

Manipulation; Dip tl»e heated loop of a jdatinum wire in 
powdered borax or phosphorous salt, fuse, add until a clear 
bead fills the loop, then dip in the powdered mineral and expose 
to blowpipe flame. 

The use of phosplionis salt is indicated by a point on the 
left of the reference number. 

Under “Borax or Phosphate Beads,” tables of “Mineral 
Characteristics/’ a number expresses color. A letter preceding 
the number indicates the behavior of the mineral expressed 
opposite reference letters from a to ) as follows: 
a In 0 the mineral fonns ai) oxid soluble in borax, imparting to 
the borax bead a characteristic color, hot or cold, 

6. Id R the dissolved oxid is reduced in the borax bead to a 
suboxid of different color, hot or cold, or to metal. 

c. In the O the mineral with salt of phosphorus fonns an oxid 

of characteristic color, hot or cold. 

d. In R. the oxid dissolved in the salt of phosplmrus is reduced 

to an oxid of different composition also of characteristic 
colors, hot or cold. 

e. On charcoal a sublimate is formed of characteristic coior near 

assay. . 

The sublimete is of different color, at a distance from assay. 
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28a. Borax Beads. 

Heat the clean loop of the platinum wire to redness and 
dip in powdered l)oriix; repeat as often as necessary to fill the 
loop. The l)ead so obtained should be clear and colorless, 
hot and cold. Dip the mf'lted borax bead in the powdered 
mineral and fuse in the oxidizing flame until complete dissolu- 
tion has taken place. Note the rapidity of dissolution, the 
evolution of gas, the appearance and color of the bead, hot 
and cold. If more mineral tlian necessary has been taken 
up, the bead may l)e opa(jue and should tlien be flattened or 
drawn out to a thread in order to observe the color. Beads, 
clear, hot, and cold, may Income opaque, opalescent, or milk- 
white l^y being lieated in an intermittent or in a reducing flame. 

Beads on charcoal should be heated in a small ca^'ity in the 
coal; wlien jxirfectly fused, press the bead flat with platina 
forceps. 

Soluble in borax are the earth and all metallic oxids native, 
or derived from combinations with metalloids by roasting, or 
from salts by expulsion of th(‘ acids by heat. Easily reducible 
metals like platinum, gold, etc., and volatile metals like mer- 
cury fonii no oxids and are tlierefore not dissolved in borax. 

28b. Beads of Microcosmic Salt» 

or of 

Phosphate of Soda and Ammonia. 

By heat the ammonia is driven off and the flux becomes a 
idphospliate of soda. Almost all substances except silica dis- 
solve in a bead of this flux. Sulphids and arsenites should 
be treated on charcoal. Earth and metallic oxids are best 
treated in a loop of platinum wire with an extra turn, as the 
microcosmic salt is more fluid than borax. The colors appear 
more distinctly, and may l)e obtained in either flame. If 
obtained in the reduction flame, the bead should be cooled as 
quickly as possible. 
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28c. Colors of Borax and Salt of Phosphorus Beads. 

By treating various substances in the Idowpipe flame. 

0.» oxidizing; R., reducing flame; H., hot; C., cohi. h'or colors indicated 
by numbers, sec Table 24c 


Num*)ers Indicating (Colors 




[lorax 

Bead 


Sit. Phosi)horus Bead 










C 


1 


0 

11 



H 

C 

H 

C 

H C 

II 

C 

s licai 

1 

1 

1 

1 

1 1 

1 

1 

Alumina 

1 

1 

1 

1 

1 1 

1 

1 

Oxid of tin 

1 

1 

1 

1 

1 1 

1 

1 

Baryta 

1 

1- 

1 

1 

1 1 

1 

1 

Strontia 

1 

1 

1 

1 

1 1 

1 

1 

Lime 

1 

1 

1 

1 

1 1 

1 

1 

Magnesia 

1 

1 

1 

1 

1 1 

1 

1 

(ilucina. 

1 

1 

1 

1 

1 1 

1 

1 . 

Yttria 

1 

1 

1 

1 

1 1 

1 

1 

Zirconia 

1 

1 

1 


1 1 

1 

1 

Thoria 

1 

1 

1 

1 2 

1 1 

1 

1 2 

Oxid of Lanthanum.. . 

1 

1 

1 

1 

1 1 

1 

1 

“ “ Cerium 

7.11 

2 3 

1 

2-1 

10 9 1 

1 

1 

“ “ Didymium. . . . 

Zi 

23 

1 

1 

23 23 



“ “ Manganese . . . 

23 

11-23 

1 

1 

23 23 



“ “ Sdver 


b3 

4 

1 

7 

4 3 

1 

“ “ Zinc 

7 ^ 

2 ^ 

4 3 

43 




“ “ Cadmium. . . . 

74 

23 

4 ^ 

43 

72 1 



“ •• Lead 

8 

1 

4J-> 

43 

8 2 2 2 

3 


“ “ Bismuth. . . . 

9^ 

1 

4 3 

4 3 

8 1 



“ “ Antimony. . . . 

8 * 

1 

4 3 

4 3 

7 1 



" “ Nickel 

23 

10.17 

46 

43 

10 7 


7.17 

“ “ Iron 

12 

8 

21 

13.20 

7.17 IG.ll 

11 

3,11 

“ Chromium.. . . 

8 

7.20 

20 

20 

7 11 20 

20 

20 

* * “ Cobalt .... 

14 

14 

14 

14 

14 13 

14 

13 

** “ Uranium 

8 11 

7 

4.20 

13 20 

1 8 19.8 

20 

20 

“ “ Copiier 

20 

19 14 

1 

12 

20 

212 

It) 11 

Tantalic acid 

1 

1 

1 

1 

1 1 

4 

4 

Telluric “ 

1 

a 

4 

4 

1 1 

4 

4 

Titanic “ 

1 

1 

9 

9 

1 1 

8 

23 

THingstic “ 

8 

1 

8 

8 

8 1 

14 

14 

Niobic “ 

1 

1 

1 

1 

1 1 

14 

14 

‘Vanadic “ 

8 

8 

8 

20 

8 8 

19 

20 

Molybdic “ 

8 

1 

8 

8 

7.20 7.19 

20 

20 


1 Slightly soluble in salt of phosphorus. 

2 Saturated. 

2 Intermittent flame. 

< In large quantity ; in small quantity lighter colored. 
B After long-continued blowing. 
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88d. COLORS RESULTING BY TREATMENT OF 
METALLIC OXIOS IN FLAME. 

B., blowpipe; 0., oxidizing; R., reducing flame; Ch., charcoal. 


Potassium. 

In O, colors flame distinctly 

Violet 

23 


Trace of sodium or lithium salts ob- 
literates color. Observed through 
a cobalt-blue glass, even if sodium 
is [iresent, the color is 

In 0 , ttie flame js crilaiged and in- 
tense 

Red 

11 

Sodium. 

Reddish yellow 

10.8 

Lithium. 

Not obliterated by other substances, 
only more or leas modified according 
to tlie (inantitv of sodium pre.sent 

In (). the flame ia culureil a fine 

Red 

11 


shown es|)ecially by chloriil of lith- 
ium. A small quantity of sodium 
changes the color to 

Yellowish red 

7.11 

Barium. 

In 0. as chlond, carbonate, or sulfate 

Apple-green 

7.20 

Strontium. 

In t). a.s chlond, carbonate, or sulfate 
immediately, or after a while. 

Carmine-red 

11 

Calcium. 

obliterated by baryta 

In (>. as chlond, carbonate, fluorspar 

Brick -red 

7.12 


as gypsum or sulfate at first 

Light yellow 

7 


anil after a little time the flame 
colors 

Light red 

10 


Phosphate and borate of lime color 
flame 

Green 

20 

Magnesi- 

Salts heated leave the flame 

Colorless 

1 

um. 

Glucinium. 

Heated to redness in 0. and then 
applying nitrate of cobalt, reheat- 
ing, and calcining colors mineral 
Powdered and heated by (). on Ch. 
and then moistened with nitrate of 
cobalt 8Uid reheated colors mineral 

Flesh-red 

Dark gray 

4 

Alumini- 

um. 

Heating in 0. to redness, moistening 
with nitrate of cobalt, reheating to 
redness, but avoiding fusion, then 
after cooling the mineral is 

Blue 

14 

Manga- 

nese. 

A trace in 0. in a mixture of 1 part 
saltpetre and 2 parts soda 

Transparent 



on platinum foil colors assay, hot, 

Green 

20 


on cooling becomes opaque and 

Bluish green 

13.20 


With a mixture of saltpetre and car- 
bonate of F>otash a mass is formed 
which dissolved in water produces 
a solution colored 

Dark green 

21 


In 0. with borax on platmum loop, 
hot, 

i 

Violet 

23 


deepening when Mn is increased to 
In R. the borax bead becomes 

Black 

6 


Colorless 

1 

Iron. 

In small quantity, in 0., with borax 
on platinum Ibop, hot, 

Red 

11 • 


by increasing quantity 

Dark red 

12 


on cooling according to quantity. 

Yellow 

8 


In R. the borax bead becomes cold 

to dark yellow 
Bottle-green 

9 

4.20 


Ferric thiocyanate solution 

Intense red 

11 

Chromium 

In O.with borax on platinum loop, hot 

Yellow 

8 

In larger quantity the bead, hot 

Dark red 

12 


The same borax bead when cold 

Yellowish gteen 

7.20 


In R. the borax bead, hot and cold, 

Green 

20 

• 

In 0. with salt of phosphorus on plat- 
inum loop the bead hot transparent 

Reddish 

10 


After cooling fine 

Green 

20 


Note . — The numbers in the last column refer to' the table of oc^ itui 
Instn. 24& 
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METALS AND OXIDS IN VL AUK- (Continued) 


Cobalt. 

In 0. and in K with borax on plati- 
num loot), hot and cold. 

Blue 

14 


With carbonate ol ‘.oda in platuiuni- 
wire loot) in () a mas.', coloicd 

Beddish 

10 


Same in li on ( h a ma^^ coloted 

Cray 

4 

Nickel. 

reduceil to powder, magnetic' 

In 0 with iiorax on i)latiniiiTi-wirc 
loop if quantitv is small, hot. 

\ lolct 

12.1 


On conhiiK the liead become 

Bcildi.sh brown 

10.17 


In It the bea<l bectmies cloudy, 
opacpie, 

Cray 

4 


In b. on charcoal rednciMl loa^’OtiRy 
mass, subject to maenetic atti action 
In It on ('ll with caibonatc ot soda 
reduced to metal as white bright 
scales attracted by magnet 

In It with addition ot a little tin and 
continued blowing on (’h a metallic 
globule of nickcl-tm i'- iormed and 
the glas.< bead is 

! 

Colorless 

,1 


In 0 m small quanlUv with t»ho8 
phorus salt the bead, hot, is 

Heddish brown 

10.17 


After cooling the eolol becomes 

^ ellowish 

i 7 


Within eieased ipiiuitity hot. 

Blown 

17 


and when cold the 1 e.id hecome.s 

Yellowish brown 

1 8.17 

Antimony. 

In O. on (.’h. fu.scs easily, e\apoiates 
to antirnonou" acid, <‘oating ('h 

\\ lute 

_o 

Lead. 

wliieh touclied on eilge with ammo 
mum sulphid colors tlie edge 

In I{. on asbestos thiead, color flame 
In () on ('ll. fotrnsa sublimate eoloreil 

Reddish orange 
Cteeiiish white 
Yellow 

8 


In It tins sublimate eolois llarne 

Bluish 

13 


III It. on ('ll with soda led to metal 
In 0. with borax tl e glass, hot, is 

Limpid yellow 

8 


Thi.s bead on cooling becomes 

Colorless 

1 


exceiit by a large addition ol oxxd. 
color 

In H. on dh the borax iK*ad isdiffu'-ed 
and with conun ued blowing 1 he oxid 
is reduced to metal uml the bead 
again becomes 

Y'cllow 

Colorless 

1 

Bismuth. 

Finely pownlcrcd. moistened with 
hydrochloric acid on an asbestos 
thread in () tinges flume 

In 0. or It. on Ch, is reduced (o metal, 
which ultimately evaporates, leay- 
ing a coating colored 

Bluish 

Yellow 

8 


In (J. or II on Ch with soda reduced 
to metal 

In 0. with borax, depending on quan- 
tity of oxid dissol’d, the bead, hot -J 

Y''eIIow to 
Y'plluwish red 

8 

7.10 


cold j 

Colorless to 

1 


Yellow 

.6 


From bismuth salt solutions a 
bismuth powder can lie precipi- 
tated by iron, copfier, and zinc 

In B, this powder melts to a globule 
of metal, very brittle, the fracture 
colored 

Black 

Roseate 

2.10 

] 

In 11. oa Ch. a borax glass at first be- 
comes 

and cloudy. The oxid is reduced' to 
metal with effervescence and the 
borax bead again liecomes 

Gray 

Colorless 



1 Some powder la attract by a magnet. 
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METALS AND OXIDS IN FLAME— (Con/wMfrf). 


Zinc. 

in () the inotal !ni(l biirii'^ with 

Yellow 

a 

flame. On (’li a tuhlmiale forms, 
lurmnou.s while hot, becoriuiiK on 

Yellow 

8 


eoolinn 

In ]{. on Ch. with carbonate of soda 
13 formed a inas.s cohired hot, 
which on coohnjj become.^ 

In O , heated and moistened with rii- 

White 

Y'ellow 

White 

2 


trate of cobalt, healed to rednc.ss is 

Yellowish green 

7.20 


rhe mineral on cooIiiiK become.s 

Creen 

20 


Int) borax bead on jilatmum loop.hot 

Yellowish 

7 

Cadmium. 

in small quantity on *'oorc becomes 
bir large quantitv, on cooling, color 
In It. on Cli. IS ab.sorbcd, on cooling 

Colorless 

W'hite 

1 

forms 

sublimate. In O. with borax on 
platinum loop, while hot, forms a 

Reddish brown 

10.17 


limpid 

Y'ellowish 

7 


gla.ss, which on nouling is almost 

('olorless 

1 

Tin. 

and with much oxid after c<»ohng 

In <) on C’h. burns to oxid with a lu- 

White 

2 

minous 

Y’ellow'ish 

7 

« 

flame, the o.xid on pooling colors to 

The subhmuto formed is close* to 
assay 

In K. on ('ll. with soda a metal bcatl 
ia formed Adil saltpeter for small 
quaniitie.s of tin 

Borax l>eads in O and K., hot and 

Gray white 

3.2 


cold, are 

Colorle.ss 

1 

Uranium. 

In 0. on (Jh. infusible color of mineral 

Y'oUowibh green 

7.20 

In U. on t'h. color of mineral 

In 0. and It on Ch. with carbonate 
of soda ill proper amount may form 

Black 

G 


a mass 

If soda is in excess then mass is ob- 
sorbsd in Ch. 

In 0' with borax on platinum wire 

Y'ellowish blown 

7.17 


loop the liead will lx*, while hot, 
varying with quantity of oxid, cold 

In 0. with salt of phosiihorus on idat- 

Yellow to dk. red 
Colorless to dark 
Yellow 

8, 12 

1-9 


inum-wire loop the glass will be, hot 

Y'ellow 

8 


cold 

Yellowish green 

7,20 


In R. the phosphorus bead will be, hot 

(Irayish green 

3.20 


cold 

Fine green 

20 

Molybdc 

In R. on Ch. with a little tin 

In R. on platinum as acid, oxid, or 

Dark green 

21 

num. 

snip hid the flame is colored 

Bright green 

19.20 


With rnicrocosmic salt in Pt loop in 0 
in R. 

Yellow 

(Srten 

8 

Copper, 

In 0. with borax on Pt loop, hot. 

Green 

20 

cold. 

Blue 

14 


In R. with borax on Pt loop, cold. 

In R. on Ch. with carbonate of soda 
Veduced to metallic globules 
Powdered, moistened with IlCl, on 
platinum wire in lower part of Bun- 

Red 

11 


sen flame, colors flame near wire 

Blue 

14 


above wire 

Green 

20 

Mercury. • 

In B. on Ch. or other support volatile 
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METALS AND OXIDS IN ¥LmE~{C(mtimicd). 


Silver* Iti 0. on Ch. by protracted blowiiiK 

forms iruTiihtat ion lleddish brown 10.17 

In R. on (’h. with soda, metallic glob- 
ule 

In O. on Ch. or a support of white- 
burned clay or poicelain. when pure 

the Hume Colorle.ss 1 

With sfinnofl of impuntv of iron, eop- 
pei, or silicami, the sutfiue ol ihe 
melted sihei l>e:nl i-- (i>\eied b\ a 
strong, ^eT^ niobde m-uio and Oie 
imjuiiitv eolots the llanie 
Gold. ^ b f'f' .with Ol without 

soda, reduced to metal. .Soda pa.s.ses 
into ('ll 

Platinum* Unalterable and inliMble 
Paladluin. With sulphui lusibU , alone mfii.sililc 
Iridium* b' (i or U on (’h . with or without 
soda, lediiceil to metal whnh in- 
fusible 

Titanium* lu II. with idiospliorus salt, a globule, 

hot, - Yellow 8 

is with dilhcull> obtaim d it is <-oUi Violel-blue 22.14 

Rhodium* . . ,, , 

Tellurium* bi <>• Si"d iU on ( h , Siibhiuate close I 

to assay White edged 2 

by () mo\ed from place to place, 
becomes Yellow-browu 8.10 

In R. the sublimate color.s flame (Ireen 20 

Selenium, In 0 and R on Ch. Rises evaiio- 

rates, odor Horseradi,Hh 

The fumes of volatilization colored Brown 17 

By O, the sublimate foimedcoloted Steel-gray 3.13 

can be moved tiorn place to place lulge dull violet 3.22 
In R. the sublimalo colors flume Blue 14 

ATRenlc* In O. and R. on Ch. evaporates, emits 

odor Alliaceo’iH 

At some distanee from a.ssay i.s formed 
a sublimate WJule, edge gray 2-4 

which, touched by R , colois flame Rale blue 1.3 

Osmium* In o it ovidizes into o.simc aenl. 

emitting a pungent .smell and attect- 
ing tlie eves O.smic odor 

Colfirs Hariie ol alcohol Blight white 2 

In R on I'll reduced to metal powder Dark blown 18 

Sulphur* Burn.s to sulphuious .acid witli odoi Kuliihuious 

and with a flame colmed Blue 13 

InO on Ch with a niixture of 2paits 
soda and 1 pait borax fuses into a 
mass which, tiansfeired to a blight 
silver surface ami moistened, jiro- 

duces thereon a spot toloieil Black 6 

Thallium* Inclosed tubesmeb-foirniiigvilreousj Biownish red 16 14 
slag around the fu.sod globule, cold Yellowish 7.16 

. On Ch. bv B emits dense funie.s 

streaked W'hite and brown 2-17 

The point and edge of flam® is , Emerald green 20 
On ttiin porcjelain the deposi* is Brown -Vdack 17 6 

hnd the appearance of the flame Brownish 16 

Tanadlum* In O with borax the bead colors Green 20 

In H. the b^ad becomes Colorless * 1 
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Alphabetical List of Minerals. 


Ref. 

No. 

Name 

So 

Ref. 

No 

142 

Acadialite 

Si 

S 

118 


Si 

9 

9 

Acmite 

Mg 

13 

02 

Actionolite 

Si 

52 

30 

Adular , . 

Si 

4 

2 

.\gaMC mineral 

Ca 

A 

10 

.\gate 

Si 

3 

31 

Aik in Ite 

in> 

(i 

9 

Alabaiulite 

Ml. 

129 

9 

Alabaster 

Ca 

8 

9 

Albite 

Na 


11 

Alexandrite 

A1 

9 


Algodonite 

Cu 

1 

7 

Allagite 

Mn 

4 

116 

.\llanite 

Si 

4 

80 

.Almandite 

Si 

21 

9 

Altai te 

Pli 

2 

21 

Alum 

Al 

8 

1 

Alumina 

A1 

12 

19 

Aluminate 

Al 

4 

19 

Alum-stone 

Al 

69 

19 

Alurnite 

.\i 

7() 

3 

f^malgam 

Hg 

15 

36 

A ma ion -stone 

Si 

1 

11 

Amber 

C 

2 

17 

Amblygonito 

\A\ 


4 

Amethyst . 

.Si 

8 

4 

.Amethyst oriental. . . . 

Al 

4 

11 

Amyanthus 

Mg 

2 

60 

Amphibole 

Si 

1 

38 

Amphodehte 

Si 

12 

140 

Analcite 

Si 

1 

2 

Anatase 

Ti 

16 

125 

Andalusite 

Si 

6 

82 

Andradite 

Si 

14 

7 

Angles! te 

i Pb 

7 

10 

Anhydrite 

('a 

6 

4 

Ankente. 

Mg 


38 

Anorthite 

Si 

105 


Anthracite 

Antimoriite 

Antimony 

Antimony glan(». . . . 

Apatite 

Aphrodite 

Apophyilit« 

Aquamarine 

Aragonite 

Arfvedsonite 

Argentiferous galena 

Argent ite 

Arkansite 

Arsenates 

Arsenides 

Arsenical antimony. . , 
Arsen ious acid. ...... 

Arsenollte 

Arsenooyrite 

Asbestos 


Name 


Asparagus-stone. . . 

Asphaltum 

Atacamite 

Augitc 

Auriferous pyrites.. 
Auripigmentum. . . . 

Autuiiite 

A vent urine - 

.Axinite. 

Azurite 


Habingtonite. . . . 

Barite 

Baryta 

Barvtocalcite. .. . 
Ba.sanite . 

Basic flucenne. .. 

Bauxite 

Borcngclite . . . 

Berthierite 

iler\l. 

Beryllonitc 

Biot Ite 

Bistuulh 

Bisniuthinite. .. 

Bitter spur 

Bitumen. . . . 

Bituminous coal. 

Blacklead 

Black-jack 

Black copper. . 

Blende 

Blood-stone .... 

Blue -John 

Blue vitrol 

Bog- iron ore. . . . 
Bog nianganese. . 

Boracite 

Boltonite 

Borax 

Bornitc 

Bort 

Boulangerite. . , . 
Bournonite. . . . 

Branchite 

Braun ite 

Breithauptite. . . . 

Brcislakite 

Breunerite 

Brittle rinca 

Brochantite 

Bronzite 

Broinlite 

Brookite 

Brown coal 

Brucite. 

Bustaraite 


25 Cachalong Si 


Ca 

C 

Cu 

Si 

Au 

As 

U 

Si 

Si 

Cu 

Mg 

Ba 

Ba 

Ba 

Si 

Ce 

A1 

C 

Sb 

Si 

Si 

Mg 

Bi 

Bi 

Mg 

C 

C 

Zn 

Cu 

Zn 

Si 

Cu 

Cu 

Fe 

Mn 

Mg 

Si 

Na 

Cu 

C 

Pb 

Pb 

C 

Mn 

Ni 

Mg 

Mg 

% 

Cu 

Si 

Ba 

Ti 

C 

-Mg 

Mn 


Note . — The reference number and the chemical symbol refer la 
Tables 30. ' 
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Alphabetical List of Minerals— C\)r?h*nu/’d 



Name 

So 

7j 

Ref. 

No. 

Name 

Sym 

bol 

0 


C(1 

122 


Si 

3 


Si 

11 


5 





A1 

1 






2 

Calc spar 

Ca 

14 

Crichtoiiile 

Fe 

46 

Cancnnite 

Si 

67 

Crocidolite 

Si 

5 

Cannel coal 

C 

10 

('lofoite 

I’b 

1 

Capillary pyrites 

Ni 


Crooke.‘-ite 

Se 

0 


(’ 

133 


Si 

2 

Carbonate of lime 

Ca 

12 

t lyolite 

A1 

0 


Si 

6 


Cu 

1 

Cassiterite 

Sn 

126 

Cyanite 

Si 

91 

Cat- gold 

Si 




01 


Si 

4 


Co 

7 


Si 

87 


Si 

1 

Celestite 

Si 

121 

Daiiburite 

Si 

5 

Cerargyrite 

Ac 

132 

Dalhohlc 

Si 

116 


Si 

20 


A1 

6 


Ce 

82 


Si 

0 



12 


Pb 

6 


pi) 

Si 

149 



141 


50 



14 

Chalcanthite 

Cu 

1 

Diamond f 

C 

9 


Si 

7 


A1 

2 

Chalcocite' 

Cu 

48 

Diopside 

Si 

4 

Chalcopyrite 

Cu 

10 

Diojitase 

Cu 

2 



112 


Si 

8 

Chalybite 

l-> 

128 

Disthene 

Si 

20 

Chert 

Ci 

1 

Dog-tooth spar 

Ca 

124 

Chiastolite 

Si 

3 

1 )iil(imit,f> 

Mg 

22 

Childrenite 

I'e 

6 

Dry bone 

fj " 

Zii 

12 

Chiolite 

A1 

13 

Dyclasite 

('a 

8 

Chlor-apatite 

('a 

8 

Dy.sodile 

C 

5 

Chlorite 

Mg 




6 

Chlorophane 

Ca 

5 

Eiaenrose 

' Fe 

131 

Chondrodite 

Si 

45 

Llieolite 

Si 

10 

Chromic iron 

I'V 

71 

Ktiieruld. 

Si 

1 

Chromite 

Cr 

10 

Knierald copper 

Cu 

11 

Chrysoberyl 

A1 

6 

Emery 

A! . 

9 

ChryyocoUa 

Cu 

11 

Knargite 

Cu 

14 

Chrysolite 

Mg 

54 

Enstatite 

Si 

15 

Chrysoprase 

Si 

22 

lioMphonte 

Fe 

26 

Cimolite 

A1 

i 115 

Epidote 

Si 

2 

Cinnabar 

llg 

8 

Epsom salt or 

Mg 

84 

Cinn amon-stonp 

S. 

8 

Eps»»miffi 

Mg 

4 

Clausthaliip 

Si 

3 

lOriibpscilft 

Cu 

14 

Clay 

A1 

5 

Krythnte 

Co 

‘1 

Cleveit 

Ca 

85 

Essonitc 

Si 

102 

Clin uchlorp 

Si 


Eucarite 

Se 

102 

Clin ton itp 

Si 

73 

Eiirlase 

' Si 

0 

Coal. 

c 

88 

Eulyte 

Si 

5 

Cobalt bloom 

('o 

0 

Euxite. ... 

Y 

3 

Ck)baltine 

Co 




51 

Coccolite 

Si 

5 

Fahlerz 

' Cm 

13 

Colemanite 

Ca 

1 

P'alsf galena 

Zn 

15 

rVilpfltinp ' 

Fe 

1 

False leiui 

Zn 

24 

Columbite 

Fe 

1 

False topaz 

Si 

1 

Copper 

Cu 

2 

Feather ore 

Pb 

12 

Coppera.s 

Fe 

351 Feld>»par \ 

Si 

2 

Copper glance 

Cu 

4 

Fergusonite 

Y 

4 

(Vtranfte 

u 

26 


Ai 








1 1 gramme clevett gives 7 c.c. helium gas. 
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0 

2; Name 

129 Fibroliie 

8 Fichteliie 

26 Fire opal 

1 Flochos d’amour 

18 Flint 

3 FloHsfern 

2 Flueenne. _ 

8 Fliioi -apatite 

6| Fluorite 

6 Fluorspar 

10' Foliated talc 

9 Forsterite 

8 Fossil copal 

9 Frankliinte 

3 Gadolinite 

3 Gahnito 

1 Galena 

77 Garnet 

6 Ganiierite 

114 Gehlite 

4 Genthite 

28 Geocronito 

33 Goysorite 

9 llibbsite 

26 Girasol 

6 Glaul^er salt 

39 GlaiK-olite 

8 Glauberite 

4 Glaucodot 

145 Gmelimite 

11 Goethite 

1 Gold 

2 Gold tellurid 

61 Grnnimatite 

2 Graphic tellurium 

2 Graphite 

26 Grappite 

2 Gray antimony 

5 Gray copper 

1 Green okite 

77 Grcnat . ^ 

78 Grossularite 

12 Guaquillite 

9 Gypsum 

4 Haidingerite 

1 Halite 

27 Harlequin opal 

147 Harmotome 

8 Hartite 

8 Hatchettine 

4 Hau.smannite 

Hayne 

144 Haydenite ■. . . 

2 Heavy spar 

52 Hedenbergite 

16 Heliotrope 

86 Helvite 

5 Hematite 

75 Herderite 

85 HesBonite 


Be 

Ref 

No. 

1 

CO 

loq 

-UlXg 

Si 

ll[ Heterosite 

Mn 

0 

149' Ileulandite 

Si 

Si 


Si 

Ti 

5 Horn quicksilver 

ye 

Si 

5 Honi silver 

Ag 

Si 

Ca 

19 Hornstone 

Ge 

3 Horse-flesh ore 

Cu 

Ca 

,72 Hudsonite 

Si 

Ca 

1.34 Humite 

Si 




Mg 

106 Hyacinth 

Si 

Mg 

32 H valite 

Si 

40 Ilyalophane 

Si 

Fe 

15 Hydraulic limestone 

Ca 


25 Hydrophane 

Si 

Y 

55 Hypersthene 

Si 

Zn 

Pb 

Si 

14 Hystatite 

Fe 

1 Iceland spar 

Ca 

Ni 

93 lohtUyophthalmite 

Si 

Si 

114 1 doc rase 

Si 

Ni 

8 Idrialine 

C 

Fe 

Pb 

14 Ilnienite 

Si 


Si 

Al 

34 Infusorial earth 

Si 

Si 

6 Iodic mercury 

Hg 

Na 

122 lohte 

Si 

Si 

1 Indium 

Ir 

Na 

2 Irido.smine 

Ir 

Co 

2 Iron pyrites 

Fe 

Si 

14 1 serine 

Fe 

Fe 

8 Ixolyte 

C 

Au 

Au 

63 Jade 

Si 

Si 

64 Jadeite. 

Si 

Au 

2 Jamesonite 

Pb 

C 

24 .larosite 

Fe 

Al 

17 Jasper 

Si 

Sb 

30 Jastier opal. 

Si 

Cu 

52 Jeffersonite 

Si 

(kl 

6 .let 

C 

Si 

105 Job’s- tears 

Si 

Si 

5 Johannite 

U 

Ca 

14 Kaolin 

Al 


14 Kaolinite. 

Al 

Sb 

123 Keilhauite 

Si 

Na 

1 1 Kerolite 

Mg 

Si 

4 King’s-yellow 

As 

Si 

123 Kilbrickenite 

Si 

C 

26 Kollyrite 

Al 

C 

8 KonUte. 

C 

Mn 

Si 

39 T.a.hrn.dorite 

Si 

Si 

39 Labrador feldspar 

Si 

Ba 

43 Lapis lazilH 

Si 

Si 

10 Lapis ollaris ' 

Mg 

Si 

39 Latrobite 

Si 

Si 

150 Laumonite 

Si 

Fe 

16 Lazulite 

Al 

Si 

0 Lead 

Pb 

Si 

1 5 Lehrbachite 

Se 
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Alphabetical List of Minerals— (Con(mucrf). 


Name 

Sym- 

bol 

Name 

02 

1 1 Leiiidokrokite 

Fe 

9 Mo.‘<3-agate 

Si 

] Lepidolite 

Li 

66 Mountain cork 

Si 

93 Lepidomelaiie 

Si 

60 Mountain leather 

Si 

41 Leuoite 

Si 

32, Muller’s glass 

Si 




K 

15 Libethenite 

(.'u 

91 j Muscovy glass 

Si 

76! Lignite 

C 

15| Myargynte 

Ag 

0 Lime 

Ca 

1 


2 Limestone 

Ca 

3' Nagyagite 

Au 


Fe 

10' Nafrohle 

Na 




Na 

24 Liroeonite 

Cm 

10 Needle zeolite 

Na 


Li 




Li 


Si 

25 Lollinginite 

Fe 

65, Nephrite 

Si 

1 Lot c ’b-arrows 

Ti 

2 Niceohtc 

Ni 

37 Loxoelase 

Si 

O' Nickel 

Ni 


('a 


Si 

22 Lydian atone 

Sl 

l()9j Nuttahtc 

Si 

124 Made 

Si 

2 ' Octahedrite 

Ti 

12 Magnesia 

Mg 

7' Ochre, brown 

Fe 

2 Magnesite 

Mg 

5 Oehre, red 

Fe 

6 Magnetic iron ore . . . 

Fe 

li)l, Oligoclasc 

Si 

1 Magnetic pyrites. . .. 

he 

10 Ohvemte 

Cu 

6 Magnetite. 

Fe 

104 Olivine 

Si 

7 Malachite blue. . 

Cu 

12, Onyx 

Si 

7 Malachite green. . . 

Cm 

25) Opal 

Si 

12 Malacolite 

Cu 

27 Ojial allophane 

A1 

26| Malthacite 

A1 

11 Ophiolite 

Mb 

0| Manganese 

Mn 

lOSj Orangite 

Si 

91 Man gan blende. . . 

Mn 

2; Oiiental ruby 

A1 

7 Manganese spar.. . 1 

Mn 

3: Oriental sapphire 

A1 

2 Manganite 

Mn 

5; Oriental topaz 

A1 

2 Marble 

Ca 

4, Otpinient 

As 

3 Marcasite 

Fe 

no! Orthite 

Si 

98 Margarite ; 

Si 

2, Orthoclase 

K 

113 Marialite 

Si 

100 : Ottrelite ! 

Si 

11 Marniohte 

Mg 

83 Ouvarovite 

Si 

1.3 

Mg 

8 Ozocerite 

c 

111 Meionite 

Si 



82 Melanite. . 

Si 

13 Pachnolite 

A1 

18 Melanschroiie 

Pb 

1 Paladium, native 

Pd 

12 - 

/Fe 

60 Pargasite 

Si 

14 Menaccanite 

Fe 

3 Peacock copper. . . 

Cu 

25 Menilite 

Si 

99 Pearl mica 

Si 

1 Mercury 

Hg 

1 Pearl spar 

Mg 

6 Messitine. . . 

Mg 

135 Pectohte 

Si 

4 Metacinnabarite 

Hg 

10 Pencil stone 

M* 

90 Mic*8 ... - 

Si 

103 Penninite 

Si 

16 Microline 

Ca 

0 Pen tlandite 

Ni 

16 Microlite. . 

Ca 

14i Peridot 

Mg 

8 ' Middletonite 

C 

15| Perovskite 

Ca 

28 Milk opal 

Si 

10| Petroleum 

C 

1 Millerite. 

Ni 

5, Petzite 

Au 

5 Mim^tite 

Pb 

143j Pnacohte 

Si 

1 Mispickel 

As 

12. Pharniacolite. 

Ca 

31 Mohawkite - 

Cu 

17, Pharmacosiderite 

Fe 

1 Molybdenite 

Mo 

74 Phenacite 

Si 

0 Molybdenum 

Mo 

148 Phillipsite 

Si 

1 Monazite 

Ce 

' 94 Phlogopite 

Si 

36 Moonstone 

Si 

! 26 Phoierite 

A1 
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Alphabetical List of Minerals— (Con^znwcrf). 


7 Photiziio 

8 Piauzite 

II Picrohte 

101 

1 Pitchblende .... 

37 Plagioclaso 

2 Plagioiiite 

1 Plasma 

9 Plaster- (if -Paris. . . 

1 Platinum. . 

4 Platinum indium. . 

2 Plumliagu 

91 Plum().sc miua. . . 

1 Polianitc. 

8 Polycrase . . . 

1 Polydymitc. . . 

52 Polylitc . .... 

7| Polymignite 

0 Pota.ssiuni 

10 Potstono 

1 Potter’s ore 

14: Prase. . 

80 Precious garnet, . . 
25, Precious opal. . 

III Precious serpentine, 
133| Prehnite. . . . 

4; Proustitc 

6| Psilomelane ... . 

3 Puclierite . 

3| Purple copper ore. . 
22i Pyenite 

3 Pyrargynte. . 

2| Pyrite 

4 Pyrites, arsenical. .. 
4 Pyrites, auriferous, 

1 Pyrites, capillary. . 

2 Pyrites, cock.seomb 

4 Pyrites, copper 

2 Pyrites, iron. . . 

1 Pyrites, magnetic.. . 

2 Pyrites, spear. . 

3 Pyrites, white iron. 

2 Pyrochlore 

1 Pyrolusite 

4 Pyromorphite. . . . 
79 Pyroi>e. . . . 

128 Pyrophyllite . . 

116 Pyrorthite 

1 Pyrrhotite 

47 Pyroxene 


1 Quartz 

1 Quicksilver 

13 Quincite 


3 Realgar 

6 Red antimony. . 
6 Red copi:)er ore. 
5 Red hematite. . 
5 Red iron ore. . . 
5 Red ochre 

4 Red silver 


Red sulphuret of arsenic. . 

Red zinc ore 

Resin mineral 

Retinite 

Rhodochrosito 

Rhodonite 

Rock crystal 

Rock meal 

Rock milk 

Rock salt 

Rock soap 

I Rosehte 

I Rosite 

I Ro.sequartz 

I Ruliellite 

; Ruby, balas 

Ruby, oriental 

I Ruby, .silver 

Ruby, Bi>inel 

Rutile 


Salilite Si 

1 Salttieter K 

I Sarnarskite Fe 

I, Sanidinc Si 

>; 8a()olite Mg 

I Sapphire Al 

I Sard Si 

Sardonyx Si 

Satin spar Ca 

Saussunte Si 

I Scapolite Si 

Scheelite Ca 

Schererite C 

Schiller-spar Mg 

' Schorlomite Y 

Schroetterite Al 

Scolecite Si 

Scorodite Fe 

Seibertite Si 

Selenid of mercury Hg 

' Selenite Ca 

Selenium. Se 

i Senarmontite Sb 

1 Sepiolite Mg 

Serpentine Mg 

! Siderite Fe 

Silex Si 

Silica S| 

Silicious sinter Si 

Silified wood Si 

Sillimanite Si 

Silver Ag 

! Silver glance Ag 

Silver non|, Ag 

Silver ruby Ag 

! Smalt Co 

I Smaltite ^ 

I Smaragdite Si 

I Smelite Al 

Smithsonite & 

Smoky quartz Si 


I Ref. 


ALPHABETICAL LIST OF MINERALS. 
Alphabetical List of Minerals.— 


10 Soapstone.. .. 
0 Soda. . 

42j Socialite 

5 Soda nitre. . . . 

0 Sodium. . . . 

8 Spatliio iron. . 
3 Spear pyrites 

5 Slicpular iron. 
2 Speriyhte. 

81 Srajssatiite. . . 

1 Splisflcnte.. . 
124 Sphonc. . 

14 SpieRcleisen . 
10 Spinel 
57 Spodunienc. . . 
14 Stalactite 
14 StaUiKmite.. 

2 Stannite 

130 Staurotite . . . 
10 Steatite. 

6 Stephanite . . 
2 Stibmte. . . . 

146 Stillnte 

1 Sti earn -tin . . 

2 Slrontianite. . 

0 Stiontiiim . 

1 Sulphui . 

2 Sylvanite, . 

1 Sylvitc 


69 Tabular spar Si 

10 Talc. Mg 

16 Tantalite I'© 

1 Tellurium 1© 

6 Tennantite 

12 Tenorite. 


13 Tiirgite 

1 Turneiite. . 

15 Tuniiiois. . 

0 Tile ore 

14 Ulexite . . 
9 I'ltramarine. . 

1 I lanihite 
o' rranium. 

3 Uianuim mica. 
831 IKarovite. . 


81 Vanadinite. . . 
lli Verd-antique. 
OTI Veimiculite. 

2 \ eimihon.. . . 
114 Ve'^inianite. . 
23 Vivianite. . . . 


6 Wad 

16 >\a\ellite 
1 101 Weinerite. . 

2l Wheel oie. 

8 White antimonv 

5 W'liite arstniic. . . 

6 W'hite lead. . . 

4 Willenute 

3 Witheiite . . . . 
28 Woerlhite. 

3 Wolfram . 

20 Wolframite .... 
59 Wollastonite, . . . 
32 Wood opal 

1 Wood tin 

2 Wulfenite 


5 Tetrahedritc 

6 Thenordite Na 

13 Thomsenolite 

l37 Thomson ite bi 

1 Thorite 

8 Tiger’s-eye 

0 Tin 

1 Tin stone 

2 Tin pyrites gti 

1 Tin oxid ^ 

14 Titanic iron g.© 

123 Titanite 

0 Titanium. . ^ q* 

1 Toad’s-eye tin gP 

l20, Topaz 

82 Topazolite 

2 Torbemite. q. 

24 Touchstone. gl 

ll8 Tourmaline g} 

61 Tremolite g! 

0 Tridvmite 

21 Triphilite [© 

11 Triplite Mn 

4 Trona 

4 IVoostite 


4 Yellow Bulphuret of ar- 

senic. 

2 Yttriocerite 

5 Yttriooolumbite 

Yttriotitanite 


136 Zeolite 

0 Zinc 

1 Zinc-blende. . . . 
6 Zinc carbonate. 
4 Zinc ore, red . . 

2 Zinc oxid. . . • 
4 Zinc silicate. . . 

1 Zhic sulphid. . . 
6 Zinc spinel. . . • 

2 Zincite 

106 Zircon 

Zirconium .... 

117 Zoisite 

' 6 Zorgite 

8p Zungite 
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30. TABLES OF MINERAL CHARACTERISTICS. 

The nam^ of the minerals in these tables are classified in 
accordance witli the occurrence in tiie mineral of the metal 
or metalloid forminj; the principal constituent thereof 

In the chemical formulas, where fij^ures are at the lower 
n^’ht-hand side of the chemical symbol, the latter should be 
considered as expressing; in addition to the substance or chemical 
element also its atomic weight, while the symbols with in- 


MINERAL 

H20 = 0ne Atomic Weight of Water. 


References for Explanation 

24a 

24e 

Crystalline Sj stera ) | 

Fracture | 24f j 

24c 

Reference N umber. 

Name of Minornl 

('hemical 
Formula or (^im- 
posilioii of Pure 
Mineral 

Condition, 

Structure 

Lustre. 

Color 

Color of Streak 

0 

Iron 

Fe, At. wt, 5(» 

ab 1 

a3 13 


5 


1 



f 1 

a 7, 17 

V 


.'t-fi 

2 

Pyrito 

FeSj 

f 1 

a7 

I 


9,21-6 

3 

Marcasiie 

F eSi*. 

f 1 

a7 

V 



4 

Arsenopyrite . ... 

FeS^l'eAso. .. r 

f 1 

a 2 

V 


5-6 

6 

Hematite 

Feoth. . 

f 1 

a5-G . 

IV 


12. . 

6 

Magnetite 


f 1 

a t) 

T 


6 

7 

Limonite 

2(Fe203)3(H2()).. 

14-1 

j 18 

IV 

5 

7 17 

R 

Siderite 

Fe(’( >3. .... 

f 4-1 

c IS, 11 


2 

2 

9 

Franklinito 

(FeZnMn)O, i 








or2(FeMn)03 

f 1 

6 

I 

3 

10.18 

10 

Chromite 

FetVoO, 

f 1 

ca 18, 6 

I, 

.4. 

. 18.. 

11 


Fc..(> 3+ H2O 

1 

17 



16.8 

12 

Copperas 

FpS< ), 

f 1 

c 19.4 

VI 

2 

13 

Turgite 

2(Fe20a)irv0. 





12 

14 

llmenite 

FeTiOs+MgTiOn 

2 

a 6 

IV 




Columbite 

FeNbOi. .... 

. f 1 

ah 6 

V 

. 2 . 

.10.18. 

li3 

Fantalite 

FeTaOa. . 




17 

Pharmacosiderite . 

t e A sOg + HgG. . 


8, 20 

1 



IS 

Samarskite . ... 

FeTaNbCeYO. . 






19 

Scorodite 

FeAs()4+H20 . 


c 19. 1017 

V 


2 . 

20 

Wolframite 

FeWOa 

1. 

. aj 5-6 

VI 


.10.18, 

21 

rriohylite 

FeLiPO,-. 

1 

19.4 


2 j 


22 

Childrenite, . . , . . 

FeAlPOs+HjO. 

1 

7 17 

V 

2 ! 


23 

Vivianite 

FePOj-rHgO 

16 

c 15-20 

VI 

2 

13 

24 

Jarosite 

atFezOgltSOshKaO 








+ 0{H20) 






25 

Lollinginite 

FeAs2 


• V 




0 

Lead 

Pb, At. wt 206 . 

a 1 

.ac 3 13 




1 

Galena . 

PbS 

f 21 

a 5 

I 

32 

'5 

2 

Jameson ite 

3(PbS) + S>.,S3. 

76 

13.4 

V 


13-4 

3 

Boumonite 

3(PbCu)S4Sb2S3 


13.4 

V 


13.4 

4 

Pyromorphite 

3( Pb3P2(\)Pb('l2 

f 

d 20. 17 

III 


2 

5 

MImetite ... . 

PbAsO, 


d 16, 17 

III 
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definite Indices, as x, y, z, mean that the substance or miierjd 
is composed of the elements indicated by the symbols, but in 
undetermined proportions 

For instance, in the mineral magnetite, FeP^, the symbols 
and indices indicate that the mineral is composed of 3X56 
iron and 4X16 oxygen, or 168 parts by weight of iron and 
64 parts oxygen, while FeOx would mean that the mineral is 
composed of iron and oxygen in undetermined proportions. 

CHARACTERISTICS 


()— OxidizR; R=Rctluc’g fl.; 11 — Hot; C— Cold. 




£ 









' 




w 

c* 

W 

2r* 

a4e 

26, 24 e 

S7 

, 24e 


38. 

34e 


u- 

■6 



Acids 

Heat, Candle, Ga.^ 

, or Blowpiiie Flame’ 

6 

3 

z 

a; 

C 

§ 

O 


o2i 

_. ta 
"o-l? 


E 

ClianKes 
in Tube.s 

Borax and Phosphate 
Beads, and Sublimate 

o 

g 


-c 

K 

£ 

0-5 

■o 1 

« s 



('olor 

on Charcoal 



c, 

cc 

Is 


c 

J 


IG 

0 


S 

0 




6^' 

0° 

< 

11 

(' 

II 

C 

H 

C 

0 

f 


79 

h'.s"s?n 











1 


4 

4 H 



13 


c 5 

IS 

8 





2 


() 

5 



13 


2 

18 

8 





3 


6 

4.8 












4 


6 

6 



13 









5 


() 

5.2 
5 1 



7 





.11, 17. 

. 8 


..20.... 

7.20 

6 

f 

6 



7 







7 


5 

4 



13 

6 

i) 


1 




20 

8 

b 

4 

3.8 

h2 e2 n2 


13-7 

6 







20 

9 

f 

6 

5.8 



7 





e2 

23 


e7.21 

10 

..f.. 

5.5 

.4.4 



. ...7. . 






..20.. 



11 

5 

4.1 





5 







12 

b3C 

2 

1.8 



13 






20 



13 






11 


5 







14 

f 

5 

4.8 



7 









15 


5.5 

.6 



... .7. . 


.. 




..21.. 



16 














17 















18 


5.5 

5.5 












19 

b 

3.8 

3.2 












20 


5.3 

.7.3 

3.8 



... .6. . 






'12,20 



21 


5 












22 


1.7 

2.7 












2 a 

24 

abg 

1.7 

2.7 



20 


5 


1 





25 

0 

















11.4 

. . ni 


1,2.. 


*1 








s’ 

2.5 

5.7 


15.11 





e8f 2 




2 


2.5 

6.7 












3 


2.8 

5.8 








e8f 2 




4 

a.b 

8.8 

6.8 



21 

' 








5 


3 . 

.6.5 



. . 19 





e 8f 2. 




















t Action on mineral. t Color of condensed Dart. 
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Referenros for E.^planation 


Name of Mitioml 


f^rusite 

Angleaite 

Vaiiatliiiite 

Alatite . ... 

If'rocoisite 

Desclosite 

Oracite . ... 

Corneoas lead. . . 
Lead molybdate. 
Lead seienate . 
Lead tuiiKstate. . , 
Plumboresimte. . . 
Melanoehroite 
Vaufmelirute . . 

(’aloaoiute 

[(Junroplurnbite 
Foliated tellurium 
Minium. . . . 

Feather ore 

Boulangerite. . . . 
Plagionite. 

Zinkenite 

Geocronite. . . . 

Kobellite 

Stein raaiinite. . . . 

Aikinite 

Clauathnlite 

Copper. 

Native copper. .. 

1 Chalcocite. . . . ( 

} Redruthite. . . | 

I Erubeecite. . .. ) 
Chalcopyrite .... 

Tetrahedrite 

Cuprite. ■ 

Malachite 

.\zurite 

IChrysocolla 

Dioptase. 


Enargite . . . . 
Melanconite . . . . 
Altacamite .... 

Blue vitriol 

Li^thenite 

[Olivenite 

Blue copper 

Digenite. . . . 

Cuban. . . . 

Selenid of copper. 
Euchroite . 
Aphanesite .... 

Erinite 

Liroconite 
Copper mica. . . 


r*uitnnla or (Vjin* 
position of Pure 
Mineial 


PW'Oa 

PbS()< 

iPbVOg 

iPbTe 

iPbrrjO^ . ... 

^b(’uZnV40* .. 
-•bCl 

,PbriPl)C03 .. 
(PbOijMoO,. . 
IPbSeO, . .. 
PbW()4. 

PbM^Oj + GFIjO 

,.'i(Ph('uW’rp207) 
Ph('u(Y)4in)S()3 
'PbSCuaS. . 

Pbit l eeAu. 

I’b^t )/^ 

PbsSbSa. . 
Pt.;,81)S3. . . 
PboSbsSin. . 
Pb^SboSi,. . 
Pb.,SbS4. 

PbCuBiSs. 

PbSe. .. . 


('u, At, wt. 63,4. 

Cu 


Cu^S 


CuaFeSg. . . . . 
CuFeS..;. . . 
;4(Cu.^)Sb2S3. 
|Cu2t>. 

CU2CG4+ HoO. 
CUgCOfi+HvO. . . 
CUS1O3+ 2(H20) 
CUS103+ H20. . . 


Cu2.\sS4 

CuO 

CuClO, 

CUSO4 + H20. . 
CuP20fl. ... . 
CiiAsOz 

CuS 

Cu-iSk. . . 

CuFe2S3 

CuSex. 

Cu:.As30.s. 
CujAsaOs .... 
Cuj'V'^sOj . . 

CU5A.«5^,2 

CU3A8O4 + 5( H2O' 


24ii 

34c 

•8 

''f 

W 


Lustre. 

Color 

Cryst 

System 

f 1 

2-3 

V 

f 18.3,1 

be 2.3.19 

V 


d 8, 10.17 

HI 


3.2 


.. 1 ... 

...11 

VI 


e 2.7. 10 


1 

d 3 8 

I 


8 . . 

■ IT 


d 20. 17. 11 

II 

15 

d 8. 10 17 



12 


16 1 




..13.20 


4 

5 


10 

11 


7 

a 


. . 7 . 

. .13.4. 


f 

5 

VT 

7.1 

13.3 

III 

18 1 

3 


6 





T 

ab 1 1 

a 16.12 

I 

. .ab 1- , 

..9.12. . 


fc 1 

a 5, 6 

V 

f 1 

16.11 

I 

f 1 

9 

1 

..f 1.. 

....5 

. I 

f 10.1 

ab 12 

I 

7.13 

cb 19 

VI 

f 

c 14 

VI 

14-1 

dk 13 20 



... c 20 

III 



IV* 

14.1 

. i6 


1 

be 21 

V 

f 21 

c 14 

VII 

.1. 

. 7 21 


i 

16.21 


1 

14.6 



5 



.. a2. 



20 



13.21 


13 

20 



13.20 

V 

.4.. . 

. . . 20 . . . . 






MINERAL 


(D I 


5.6 

36 

20.6 
.5 . 
16.11 
19 

13 

19 .. 


Color of 
Streak 




Ecf. No 
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References for Explanation 


MINERAL 



Copper froth. . . . 


7 Coridurila 

S Psejdo tn!ilu,(’lu(p. 
J rtirornholile. 

) ibvelliiie. 
ij Vlohawkite 


0 ?5ine. . 

1 Sphalerite. . , 

2, Zincite 

3;(iahnite. . . 

.4!Wmemi(c 

5 Calamine 

6 Smithsorntc. . 
7iyoltzite. 

SiZinc sulphate . 
9 Zinc bloom. , 


Aluminium. . . 
Corundum. . . , 

Hu by 

Sapphire 

Amethyst. . . . 

[Topaz 

Emery 

Diaspora . . . 

Bauxite 

Gibbsite 

Spinel. . 

Chrysolieryl. . 

[Oryolite. 

Thomsenolite. 

Kaolin. 

Furquois. . . 

Wavelhte. 

17| AmblvKonile. . 
lF,Lazulito. . , . 

19 ^lunite. 

20, Alum. . 


Dawson ite. . 
Pycntc. .. . 
Automolite. 
Dyslmie. 

He rein ite. . . 
Halloyhte. 
Allop bane. . 
Kyanite. . . . 


Silver 

[Silver, native. 
Argentite. . 
Pyrargyrite. . . 
Proustite 
Cerargyrite. . . 


Formula oi (^om 
position of Pure 
Mineial 


( Ju I As^t )f/ ’aC( )3 

+ 7{Il2(D . 

CuOPaOs .. . 

CutMPoOi). . 
CmS,. .: . . 

(hiNit'oAzj. . . 

,Zn, At. w 1 . 0,5. . 
iZnS. . . 

ZnO. . ' 
ZnOAloOg. . 
,2(Zn())Si( )o. 
|•>(Zn())Sl ()2 + I^.O 
jZn( (>3 

!ZnS + Zn<>. . . 
ZnS( )4 + 7(Ho()) 
ZnCOj+HaU. . 

Al, At. wl. 27. . . 

AljOj 

\I 2 C 3 

A I./ >3 

Al^Oa 

AM>3 

AljOa ... 
Al3C3+H..t>. ... 
AMAj+StLaO). .. 
AlaOjPatHoO). . . 
.MgAlaO^. . . . 

(llAlaOi. ... 

AlF 3 + 3(NaF), .. 
('aAlF., ... . 

VlaSiOi. . 

AIF ()4 + D.,() .. 
\IP()4 + Ha(> 

\lPO 4 L 1 F 

AlPO^MgC+HoO 
AlaSOo . 
KaAlaSOjU'dloO) 
NaAlCO^. 
.Al.FSiO^. . . . 
AlZnMgOr. . . 
AlZnMgFeOr . 
AlMgFeO, .... 
‘MaftaSiOad" HaO. 
AlaSK > 5 + Hat ). 
AlaSiCtfi. .. 

Ag, A’t wt. 107 7 
Ag 

\k...S. . . . 

.3( \gaS)Sb2S3 . 
3(.Ag2S)AsnS3 . 
\gri.. . 


34a 

34e 

xt 

N 

N 

24 

, i 

Lustre, 

t- 

tem 

£ 

'o' 

c t 

Color 



0 

3£B 




Og 

(J 




U 


13.19 


, 


1 

14, 10. 0 
21 




a<- 1.21 

a 3 13 

II 

1 


f 1 

d 7.17 0 

1 

2 

2,21. 

f 1.1 

be 11.12 

V 

f 2 

9 


21, 0 




1 

7 hS 


2 


f 13.1 

(• 2 

V 

2 

1 

1 0.1 

(• 10, 19,2 

IV 

2 

1 

ah 1 

a 1.3.2 




f 1 

l)j 3, 1 

II 

0 



Jl, 10 





3.14 

III 




23 

III 




c 7,8. 

IV 

2. 

2.. 

f 1 

i 18 




3 

c 19,4.3.17 


0.2 


10.1 

i 13.2, 2 




13.17 

j 3. 19.2 





c 11 

J 

.2 


f 

cd 0, 20 

v' 


i' 

1 

j 

c 2 

VI 



1 



7 


..lO.l.. 

.d 13.20.. 




1.5 

de 7,2 




1 

19,2 


2 


f 1 

c 13, 14 




1 

c 10, 3, 2 

IV 

2 


..7,1 


. I. 

.2. 


0, 1 


IV 




21,0 





3.17 




10. 1 

13. 2 




10. 1 

d 20, 17.13 


8 

. 2 

f 7,3 

e 4, 13.2 


2 


ab 

ab 2. 

J 



abc 20 

a 2 

I • 


" 2 " 

f 1 

a 5 

I 

2 

a 5 


ba 12 

IV 


11 



IV 


11 

c 1 

d 4 . 

:!i 

.8. 

. a . 
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CHARACTERISTICS 




£i 


1 .1 

1 



■ 



N 

W 

N 

1 25 

j24e 

26, 24e 

27, 24e 

28, 

24e 

d 

-S 

S 


Acids 

Heat 

Tulx‘.s 

Bor. it Phos. Beads, Subl 

























T3 


Action 

Col’i 

('haiiKP 

Color c 

Color 

() 

!... « 

« 


X 


Mnrl. 

Sltn 

Mnrl. 

PI. 


11 

V 

II 

C 

II 

C 

2f 















27 

10 














28 


4.8 

4.2 












29 















3(1 















31 















0 



7 

h' s' Ji' 


0 

2 








1 

bd 

3.8 

4 

M'* 


7.18 

20 






p8 

e2 

2 

b 

4.5 

5.5 

u 


7 






8 

e8 

e2 

3 


7..^ 

4.2 



7 









4 


5.3 

4 




14 








5 

ab 

4.8 

3.4 

•ho 


1^112 

20 




1 

1 



Ji 

bd 

5 

4.4 



7 









8 

C 














9 




n''? 











0 



2.0 

ll'.Si-lJj 











1 


9 

4 


7. is 

14 








2 


9 

4 












3 

ab 

9 

4 












4 


9 

4 












5 

eal) 

.8 

4.. 



...7... 

10, 7 








C 















7 


0.5 

3.4 



11 









8 















9 


3 3 

2.4 












10 


8 

3.0 



..7... 









11 

abc 

8.5 

3.5 



7 









12 


2.4 

2.9 



1 

9 








13 















14 















15 


.0 

.3 



...7... 

. 20.. 








16 

b 

3.8 

2.3 



7 

2 








17 


(i 

3 












18 


5.5 

3 












19 

aB 

5 

2.0 

f5l 


11, 7 









20 

1 B 














21 















22 















23 


7 8 

4.2 



7, 25 









24 


7.8 

4.5 



?, 26 

11 




12 




25 















26 


0.5 

2 

’n2 











27 


3 

1.9 

'02 


9 

20 








28 


6 

3.7 



7 





1 




0 



10.5 

. .n'’ 


.6 . 



• 






1 


2.8 

fO.4 

na 


15, 21 









2 


2.3 

7.3 

n 


9, 15 









3 


2.5 

5.8 

’ll s 


15, 19 









4 

10 

2.3 

5.5 



15, 19 









5 

.b. 

2.3 

.6.3 



. 15, 2 . 

1 
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MINERALS AND METALS. 


References for Explanation 


Formula or Com- 
Namo of Mineral position of Pure 
Mineral 


Lustre, 

Color >.>, 


6 Stephanite. . 

7 Stroineyentc. . .. 

8 Slembergite. . . . 

9 F 1 ■aiiTte ... , 

10 relliiri.! silver. . . 

11 Silver carbonate. . 

12 C lerisuoprolile. . . . 

13 .\titimonial silver 

H Folybasite 

1.5 Myargyrite. . . 

l(i Ligtit white silver. 

17 Silver brornid. . . . , 

18 Silver amalgam. , . 

19 Silver iodid 

20 Embolite 

21 Freieslebenite 

22 Petzite 

23 Sehapbachite 

24 Stetefeldite 

25 Alaskaite 


5(Ag2S)Sb,S3 . . 

Ag2CU2S2 

AgFeS^ 

AgCuSe 

Aga'I'e. . . 

AgoCO;}. . .. 
AgFeA.H. . . 

AgSb. , . 

9(Ag('u)(SbAH)S6. 
AgSbS. . 

AgBr. 

Agllg 

Agl 

AgClHr. . . 

AgSbPbHr . . 

AgAuTe 

AgBiPbSx 

AgCuSrSbO. . 
AgBiCuPbSr 


[) Nickel Ni, At. wt. 68.7, . 

1 .Millerite NiS. . , . 

2 Niccolite NiAs 

3 Breithauptite NiSb, . 

iGenthite NiSi03+ II2O. 

SGarriierite NiSi()3 + H20’. . 

B Pandlatidite NiFeSs . . . . 

J White nickel NiAs2 

8 Nickel glance. . . NiAs2S4 

9 Amoibite NiAsSx 

1) Placodine. / NixAsy 

1 Nickel stibine . . . NixSbySz 

2 Green nickel. . . NiAs20a 

3 Green nickel hy- 

drate Ni0-tH20 

1 Bismuth nickel. . . . NiiBiy 

5 Meloriite Ni2Te3 


2 Stannit« SnS. . . . 

3 Tin pyrites SnSCuS. 


....Sn,At. wt 118 7. 


Cobalt Co, At.wt. 58.8 . . 

Linnacite C03S4 

Smaltite CoAs 

Cobaltite Oo.^sS* 

iGlaucodot CoAsSr. . 

Enthrite. ...... \) ^.sGx + H20. . 

Danaite CoSnFeAs 

Black oxid of co- 
balt Co02(Mn208) . . . . 

Cobalt vitriol C0SO4-I-H2O 

! Ultramarine Co2Al2P209 . . , . 

Antimony Sb, .At. wt. 119 7. . 


.ab 

— a 2 . . 

7 

a 8 

f 1 

7.11 

1 

20 

..1 . 

..20.. . 


a 7 


3.2 

1 

3.2 


a 16, 8.. 

1 

13.3 


20 

17 

c 20 

a 13.3, 2 

ab 1. 2 

— a2. . . 

18, 1 

b 18, 6 

f 1 

7.3 


.3.13.2. . 

1 

a 3.2 
a 10.2 


3.2 


■ .ej 11 . VI .2. . 3.11. 


Color of 
Streak 
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24e a4o 27,24e 


(u 1 ajj 

^ O 83 

ea Action ('olV 

K Mnrl. SItn. 

Change 

Mnrl 

6 8 

2.3 6.3 n ns 

19, 14 

7 8 

6.2 njns 

22 

8 

1 

15 

9 11 



10 . 

. 8.5 ... 

14 

n 


15 

12 10 


15 

13 

9.5 

15. 19 

14 

63 

14, 19 


I. Reads, Svibl. 

1 H 


8 7 .h' s'. 
3 5.4 

5.5 7.5 (hri) 
5.8 7.5 


0 • . 

6 

4.f 

7 

1 

8 

5.5, 6.6 

9 

! 6 

10 . 

5.3 .8 

11 

5.3 6.4 

12 

1 

13 


a 

3.2 3 

14 

4.5; 5.1 

15 .. 

... 


, . .7.3 h' 8 ni'* . 
G .8 6.8 
4 4.4 


. .8.5 ii' hi' si' ... 
5.5, 6.3 

5.3, 6.8 n 10 


0 6.8h'llv 0 ■ • 



) Ref. No. 


MINERALS AND METALS. 


References for Explanation 


Name of Mineral 


Formula or (Com- 
position of Pure 
Mineral 


1 Viitiinony, native. . Sb 

2 Stibnite SboSs 

3 .Senarmontite. . . . SbjUs. . 

4 Berthiente Sb^nS.{FeS 2 . . . 

5 Arsenical antimony SbjAsy. . 

6 lied antimony SbsOaSb-jSa. . 

7 Antimonate of lead. Sb 2 ()oPbO+ H 


0 Bismuth Bi, At. wt. 20.S 4. 

1 Bismuth, native. . . Bi . . 

2 Bismuthinite. . . . IbjSa 

3 Pucherite. . . . BiVlb 

4 Acicular bismuth. . BiPbPuS, 

5 Tetradymitc BioCTeSla 

6 Bismuthite BioCOc 

7 BUmuth-blende. . . BioSiOc 


0 Arsenio 

1 Aresnic, native 

2 Arsenopyrite. . . 

3 Realgar 

4 Orpiinent. .. . 

5 Arsen olite. . . 


0 Manganese 

1 Pvrolusite 

2 Mangauite. . . 

3 Braunite 

4 Hausmanite. . . . 

5 Psilomelane. . 

6 Bog manganese 

(Wad.) 

7 Rhodonite. . . . 

8 Rhodochrosite. . 

9 Alabandite, . . . 

10 Hauerite 

11 Triplite, 

12 Kuraulite 

13 Bustamite .... 

14 Spiegeleiseri. ,. . 


0 Chromium. . , . 

1 Chromite 


As, At. wt, 74.8 

A.S 

FeSsFeAso 

A.sS 

AsjS.j 

AsoOa 


Mn, At wt.54.8. . 
MiiC)'i 

Mn2().3+H20.... 

Mn203 

. Mn304 

. 2(Mn()2) + H20. . 


MnCoPbOj- 

, MnSiOa 

Mn(X)3 

. MnS 

. MnSo 

. Mn^ePsO? 

. MiiFePaOz + ILO 

. MnCaSiO^ 

. MnFex 


Cr, At. wt. 51.97 . 
. FeOCrsOg 


0 Mercury 

1 Mercury, native. . . 

2 Cinnabar. . 

3 Amalgam, native. . 

4 Metacinnabarite. , . 

5 Horn quicksilver . 

6 Iodic mercury. . . 

7 Selenid of mercury. 


Hg, At. wt. 199.5. 

Hg 

HgS 

HgAg 


0 Gold 

1 Gold, native. 

2 Sylvanite. . . . 

3 Nagyagite. . . 


. Au, At. wt. 190.8. 

. Au 

. (AuAg)Te 2 

. Au2Sb3S7PbuTe7. 




«0 <M 

24a 

34t* 







E u 


Lustre, 

U s 



/ t/ y 

Occ 



u 


^ fci 

f 3, 1 

.a 13.2 

IV 2 

«i. 7 

a 13.4 

V 2 

(5, IS, 1 

b 2, 3, 10 

V 2 

. 18. 1 . 

a 10.2, 3.2 


() 

li 


2 

(1 8. 3.20, 0 


f 1 

a 10 2 . 

1 9 

f 1 

a 10.2 

1 ‘> 

1 

4 

VII 


5 

VII 

A . 

. ..a 3. . 


1 

7, 19 

VII 

1 

8, 18 

I 

f 0, 18 

a 3.2 

IV 

f 1 

a 2 

V 2 

c 1 

d 11 

VII 

c 4, 1 

iHS 8 

2 

14,17.20 

2 



... 3 .. 


9,7. 1 

a 5,0 

V 

1 

a c 5, 0 

V 

1 

a c 5, 0 

11 

1 

a c 5, 0 

11 

..14, 1 

. ..21, 0. . 


10,10,1 

jk 17, 0 


1 

12 

VI 2 

15,1 

c 10. 10 

IV 2 


ac 0 

I 


..10.18, 6.. 


1 

d 0. 18 

2 


10.8 

VI 


....3.... 


i 

ca 18, 0 

i' io 

1 

a 13.2 


10,1 

bj 11 

IV 2 


a2 

I 

• . - C. . . 

. ..b 3 7 . . 

.11. 


10.17 



13.5 


..abl.. 

...a9.. .. 


abl 

a9 

I 


a2 



Streak 
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MINERi< 







•9 




pEleferences lor Explanation | 

24a 

24e 

N 

r)! 

W 

24c 

t 

Name of Minoriil 

Formula ni Coiii- 
pn.sition of Puie 
Minciul 

Cond. 

St ret r. 

Lustre, 

(U)lor 

a 

• 0) 
”5! cf. 

£ 

1 

Color of 
Streak 

4 

Aurifentus pyrites. 

Au(FeS.)S.. . 














(i 

Kreririente . ... 

AuAg'iVr 






7 

(Jalavcnte. . . . 

AuAgTcj, 






8 

Mullerito 

AuAgPh'l'ej. 








Pf Ai.wt HM..') 

.ab 1. 
ab 

.a 3 2... 




1 

Plat in um, native 

Pt 

a 13.1 

IV 


13.i 

2 

Sperrylito. . . . 

PtS.,. . 






3 

Platinum arsenide 

Pi Am. 






4 

Platinum iridium. 

Ptir. 






0 

Iridium . . 

Ir, At.wt. 192 fi. 






1 

Iridium, native. . . 

Ir. . . 






2 

Iridosnune 

Il().s. . 

18 

a 13.3 




0 

Palladium 

Pd, At wt 1011.3. 







Palladium, native.. 

Pd.. 

ab IS 

a 3.2 




0 

Titanium 

Ti, At wt. 47 9 . 


a 7 12 . 

J. 



1 

Rutile 

TiO.. 

f 1 





2 

OJtahedrite 

TiOj . . 


17 

II 



3 

Brookit« 

TiOij 


7 17 

V 



0 

Uranium 

U, At.wt. 239 . 

f. 

7.3.2, 




1 

Uranite 

UaO, ... 


ea 18, 0 



0 

2 

Torbemite 

UCuP()^lI..() 

f 4 

e 20 

II 


19 

3 

Autunite 

LTCaPO(.+4(HoU) 

f 4 

1 

0 8 



7 

41 

Ooracite 

UAIgOs ... ' . . 

d 18 




5 

■Inhimnitift 

USOo + SdIjO). , . 


..20.. 




0 

Thorium 

rh. At. wt. 232.0.. 




"i 


1 

Thorite 

ThSiO^ + H/). . .. 


e 0 




2 

Pyrochlore 

Monazite 

rhTaCeCaOj 


c 8, 17 

I 

2 


3 

fliLaCePO, 

f 

ed 10.17 

VI 

2 


0 

(’erium 

'e. At. wt 139.8 . . 






I 

Ml) lazite 

'ebaTliDiPOx . . . 

■■ f 

ed 10.17’ 

r 

2 


‘i 

Flueerine 

CeFa . . . 

PeoCO., + H.O. ... 


8 




i 

Pari.>tite 


11, 17 

III 

2.6 


A 

Cerium ochre 

CedJO^ + HaO. . . 


8 

.III 



5 

Cryptolite 

• * . . * 


7,10 . 

b 11, 17 



6 

Cerite 

CeSiOfi + HaO. .. 

Y, At. wt. 89 


HI 

. 1 



0 

Yttrium 




1 

Xenotine 

YnP2()r,j-n 


d 10.17 

11 

2 

' ’ic 

2 

Yttronerite. . . . 
Qaiolinite 

YC^FHCaC, 

1 

cb 23.14 
rd 19.0 



3 

YCILaFetSilK).. . 


vr 


19. 

4, 

Ferguso'iite. . . . 

Yd'IO,. . . . 


j 10.0 

II 



1 

Yttrocolo nbite. . 

YTlO, 


..17.8, 0. 




s 

Euxenite 

YTlUTiOr. . . 

. ^... 

10.0 



10.1 

s 

Polymigriite. ... 

YFeZrTiO.. 


ae 6 

II 

6 

18 

6: 

9 

Poly erase 

Schorlomite 

YFoZrTiOr. 
YGlLaFe(SiOo), . 


6 


5 

3.1 

5 

0 

Cadmium 

Cd, At wt. 112 

ab . . 





1 

Green okite 

OlS. 

i 

1 

’bs ■’ 

III 
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I Ref. No. 


'2 



References for Explanation ... 24a 


Formula or Corn- 
Name of Mineral po.sition of Pure 
Mineral 


0 Molybdenum 

1 Molybdenite 

2 Wulfenite 

0 Vanadium 

1 Vanadinite 

2 Vanadate of copper 


0 Tungsten 

1 Tungstate of lead 

2 Tungstate of lime. 


Mo. At. wt. 96. . 


V.At.wt 61.4.. 
VPbO., 


0 Tellurium. . 

1 Tellurium, native. 

2 Herrente 


W, At. wt. 184 .. . 

PbWOx 

CaWO, 

Te, At wt. 125 . . 

Te 

TeNbOaCOa 


0 Sulphur 

1 Sulphur, native.. 


0 Carbon 

1 Diamond . . . 

2 Graphite. . . 

3 Anthracite. . 


4 Bituminous coal 
6 Cannel coal 

6 Jet 

7 Lignite 

8 Bitumen 

9 Asphalt um 

lOlPetroleum 

11 Amber 

12 lletinite 


C, At.wt. 12 

. C 

. CttFcO 

. ln%C 85 (Il 2 t.))c+ 

A.sh 

. C,HvOr+a8h. . . 


0 Potassium 

1 Sylvite 

2 Grthoclase 

3 Muscovite 

4 Apophdlite 

5 Saltf>eter 

6 Potash 


K, At.wt.39... 

KCl 

KAlSiaOs 

KAlSitL 

KCaSiOg + H 2 O. 

KNO.-, 

KnCOa 


0 Sodium 

1 Halite (rock salt) 

2 Borax 

3 Natron (soda). . . . 

4 Trona 

5 Soda-niter 

6 Thenardite.. 

7 Glauber salt 

8 Glauberite 

9 Albite 

10 Natrolite 

11 Caustic soda .... 

0 Calcium 

liCalcite 


iNa, At. wt, 23... 

Na('l 

NaBo02-f-5(HoO) 
Na 2 C 03 + lOttfaO) 
Na;;C()3+2(H20). 


NaCaSOs. . 

NaAlSisOg. 
NaAlSiOj 
NaHO . . . 


Ca, At. wt. 40 
CaCOs 


24a 

24e 




Lustre, 


Color 

6” 


d 4 

13.4 

1 

d3.8 

15 

8, 10.17 

4,1 

e8 


d4, 11, 17, 20 

f 

16, 7.2 

f 

a 13.2 


20 

f 1 

d 8 


b 7, 10, 1,6 

4,1 

1 

c 6 

1 

6 

1 

4.6 


6 


17, 18 

! .. 11 . 

d 18 6 . 

1 

6 

1 

21,6 

1 

d 16.8 

c 1 

k 7 13. 19 


. b2 . 

18, 1 

(•2,4,17.11 

e 4, 1 

e 1,2-6 

• 4, 1 

3.2 

. 20 

1. 

...1... 

ab2 . 
3.2 
c 1,2 
1,2,3 


7.2 


7.4 

f 3,18,1 

c 2 

. f7,15.11 

. c 3.2 . 

.. b 

ab7 

1 

3.2 


Color of 
Streak 
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References for Explanation . . . 


2 ; _ Formula or Com- 

^ Name of Mineral jxtsition of Pure 
^ Mineral 


Lustre, 

Color ^ >, 


2 Limestone ('af'Os 1 

3 Aragonite “ 

4 Miemito ('aMgCO^. . . 7 

5 Tabular spar (3a8i()a 

6 Fluorspar ('aF 2 f 1 

7 Nitrate of lime. . . . CaNsOo. . 

8 Apatite 3(C'a.ip2()8)t’aF2 . . f 1 

0 Cypsum (’aSO^ + ilJ^O. . d 4, 1 

lOAiiliydrito CaSO^ 

11 Sheelite. . CaWO^. . . - . 

12 Pharmacolite .... CaAsjOo+HoO. . . 

13 Diclasite CaSi();^4-H20 g 7. 1 

14 Hydraulic lime. . . . ('aAlaSioOn 

15 Perovskite (’aTiO/ 

16 Microlite CaTaO, 


0 Lithium Li, At. wt 

1 Lepidolite 

2 Hubellite 

3 Lithioplnlite LiMnPO^. 


d 0, 3. 20 III 
0, 4, S VI 
r.e 0,3.2 V. . 
3.2 


0 Barium Ba, At. wt, 137 ab 2 . . , 

1 Heavy spar 

Sulphate of baryta BaS 04 3,1 c2 V 

2Witherite BafX).-, flS.7,1 V 

3 Baryta calcite. .. Baf'aCO^ f 6, 7, 1 e 2 VI 

4 Baryta BaU 

0 Strontium Sr, At. wt. 87.6. ... ab 7 

1 Celestite SrS 04 7, 6. 1 c 13.3, 2 V 

2 Strontianite SrCOa f 7, 18 c 0, 2, 19 V 

0 Magnesium Mg, At. wt. 24.3 .3,18. . a. . 

1 Brueite Mg() + Hj3. ... d 4 3.2 III 

2 Magnesite MgC^la 18, 1 cf 3.2, 2 IV 

3 Dolomite MgC'a 2 (r 03 ), . . . f 18, 1 c 0, 6, 2 IV 

4 Ankerite MgCaJ'’eCt)r, 17 IV 

6 Chlorite MgAlFeSiOxHoO. 4, 18, 1 - • .7.21 

6 Saponite Mg.41Si0tH20. . . 7.2 

7 Boracite MgBn 204 c 0. 3.2 I 

8 Epsomite MgSO^ 14, 1 ck 2 V 

9 Chondrodite MgFeFSinO^ . 18 c 0, 17, 6 

10 Talc MgaSiAi + HjO. .. .d 4, 1 e 3.19, 2. . • 

11 Serpentine Mg 3 Si 207 + 2ll20. fc 3, 1 d 8.21 

12 Magnesia MgO. ... j 7.2 

131 Meerschaum. . .. MgSiO* + n20. . . 

14 Chrysolite 2 (MgFe)Si 04 . f c 8.20 V 

ISClintonite MgAlFeSiOrHjD.. .f4. 1. ac 10.17. ■ 

lOCamallite MgCloKCl + OH^. 8 3.2 

17 Kainite MgKdSO^+SHaO 

18 Kieserite MgS 04 + H 20 . .. 

19Nemalite MgO + HaO 


0 Selenium Se, At. wt, 79. 

1 Selenium, native. .. Se 

2 Euoarite AgC'uSe 

8 Grookaite CuThSe.. . . . . 


Streak 
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MINERALS AND METALS. 


References for Explanation 


I*V>rnmla or (’mii- 
Name of Mineral position of l^ure 
Mineral 


4 Clausthahte . . . 

5 Lelirbacliilo 

6 Zorgite 

0 Silicon 

0 Silica. . . 

1 Quartz . . . 

2 llock cry.'ital. . . . 

3 Smoky quartz. .. . 

4 Amethyst 

6 Rose quartz. . . . 

6 Aventunne quartz 

7 Cat s eye . . . 

8 Tiger's-eye 

9 Chalcedony 

10 Agate 

11 Caniehan 

12 Onyx 

13 Sardonyx 

14 Prase 

15 Chrysoprasc 

16 Heliotrope 

17 .Jasper 

18 Flint 

19 Hornstone 

20 Chert 

21 Basanite 

22 Cydian stone. . 

23 Touchstone 

24 Silicihed wood. . . . 

25 Opal 

26 Fire c»pal. 

27 Harlequin opal. . . 

28 Milk opal. . . . 

29 Resin or wax opal 

30 Jasper opal. . . . 

31 Wood opal 

32 Hyalite 

33 Geyserite 

34 Infusorial earth. . 

35 Fcld.spars : 

36 Orthoclase 

37Albite 

38 Anorthite . . 

39 Labradorite 

40 Hyalophane. . . . 

41 Leucite 

42 Sodalite . 

43 Lapis-lazuli 

44 Nephelite 

45 Eolite ... ■ 

46 Cancrinite. . 

47 Pyroxenes. . , . 

48 Diopside 

49 Salite. . 

50 Diallage. . . . 


PbSe, 

lIgPbSe, . . . . 
(’uPbScx 

Si, At wt. 28.4.. 

. S 1 O 2 


KAlSbOs . 
NaAlSisOs. 
CaAIoSizOs. . 


BaAlSiO,. . 
KAlSiaOs 
NaAlSi^Os 
CaNaAiSiiiGi 
KN&AISm), . 


KNatCO.)^ 

-t- AlSirOvIIoO 

CaMgSi-A. 


34a 

34e 

•d 1 

^ ! 
N ! 



B 


Lustre, 


cis 

Color 


Ocfl 




0, 6, 1 

III 


c 1 

111 1 


c 6 

III < 


c 13.23 

111 

.1. 

.c 10 

111 


c 4. 17 

111 

17, 1 

cd 13, 4 

d 3, 13’. 16 


Irn 25 


1 

11 


1 

25. 16. 2 


1 

25, It.. 2 


1 

c 19,20 


1 

rn 11, 21 
jltn 18 


1 

0,3, 17.6 


f 1 

0, 3, 17, 6 


11. 16,2 

i 6 

1 iO 
i 6 

1 25 
h 25 

8. 11 


17 

d 3.20, 2 

1 3,17.6 

7 


7, 17, 1 

3 


1,3, 18 

c 17,11,2,0 

vi 

fl,3,18 

1 

0 2,3,10,13 

VII 


VIl 

1 

c5, 17, 19 

VII 

f 

'3 

I 


17, 4. 14 

I 

f 

c 14 

I 

6. 1 

c 0, 2, 19 

III 

1. 

.d 

HI. 

7, 3,1 
1 

d 13 
c 18, 20 

VI 

3, 19.2 


. f4. 

d 4.19 
...20 ... 

.. 


Fracture 1 24f 
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MINERALS AND METALS. 


MINERAL 



References for Explanation j 

24a 

24e 

*0 

w 

Fracture j 24f 

24e 

0 u 

g” 

d 

Name of Mineral 

l‘’ormula or Com- 
])osition of Pure 
Mineral 

Cond. 

Stretr. 

Last re, 
Color 

CVy>it. 

System 

SI 

('ocoUte. . 

CaMgl'V8i„0, 

f IS 

19.2 




52 

Augite 

CaMgl<'eAlSi„0, 


6. 21 

VI 



53 

Hornblende . . 


2. 7. 6 

c 0, 2-(i 

VI 

2 


54 

lOustatite ... 

Mgl'VSinOj .... 






55 

Hvperstene. 


.4 

ae 3.0 




5« 

Hronzite . . 

** . . • . 

4 

ae 19. 18.21 




57 

Spodumene 

LiAlSi.,()«, . . . 


e 3. 19 


2 


5S 

Hiddenitc 







59 

Wollaston ite . . 

(VSiOn. 

f 1 

c 2 

VTT 

2 


60 

Amphlbolc . 

CaMgAll'eSitiOx. 


. .21.. 

VI 



61 

Tremohte. . 

('aMgSinOr. . . 

20 

3, 19,2 

VI 



62 

Actinolite 

(laMgAlSiwO, . . . 

2P 





63 

Nephrite .... 

MgHiO-i . ' 

g 1 

c 19, 13,2 




64 

Janeite. . . 

NtlAlSlnO* 






65 

Asbentiw . . 


..8. 

.f 19.2 




66 

Mountain leather. 

4 

3.2 




67 

Crocidohtc or . . 







68 

Blue asbe.'stiis. . 

“ ... . 






66 

Beryl . . . 

CihiALSinOig 

f 

c 13.19 

HI 


1 

70 

Aquamarine. . . . 

.f 

.3.19, 13. 

.III 




71 

Bimerahl. . . 

(llaALCrSihOio 

f 

c 20 

111 

0 

1 

72 

Chry.soberyl. 

CAM^U 


c 20 

V 


1 

73 

Kue la.se 

(;iAlPSi„()x. . . 

f 

c 19 

VII 

2 


74 

Theria'.’ite . . . 

(ih-SKb. .. . 


c 1, 10.10 

IV 



75 

Herdcrite. .. . 

CIPO, .... 





...... 

76 

Beryllonite . . . 

“ 






77 

Garnets. 


f 3.18,1 

c 12 

T 

2 


78 

Orossularite. . . 

Ca 3 Al 2 Si. 30 i 2 . . . . 



I 



79 

Pyroiie .... 

MK3A12Si.,0,2 

IS 





80 

Almandite . ... 

FejAlaSiaOiz. .. 


..12 .. 




81 

Spessartite ... . 

Mn3.Af2Hi3Ci3. . . 






82 

Andradite . 

('a.iBejRist b2- • • 






88 

Uvarovite. . . . 

Ca3Cr.,.Si30i2. . . 


20 




84 

Cinnamon .stone. . 

Ca'^AljSj^-ho. • • • • 


11.17 




85 

Hesaonite. . . . 






86 

Helvite . . . 

(llMnFeSinO, . .’ 

1 

7.17 




87 

Danalite 

(;iMnI<>Si„()T . 






88 

Eulytite 

BiSi«(), . . 






89 

Zunyite 

AlFSinO, 






90 

Micas 







91 

Muscovite 

K20A1A}Si204 

e '4. r 

c 0,21,0 

VI 

’ 2 ’ 


92 

Biotite 

MgAlFeSinO, 


i 




93 

Lepidomelane 

KAlFeSin 


6 




94 

Phlogopite 







95 

Lepidoiite or 


3,1 

. . 10.23 

VI 



96 

Lithium mica. . . 






97 

Vermiculite 


3 





98 

Margarite or 

CaAlSinO, 

3 

e 3.2 

III 



99 

Pearl mica 







100 

Ottrelite 







101 

Rnite 

KAISinOt ! 


c 4, 19, 10 

in' 




Chlorites t 







102 

Clinochlore or 










f 4, 1 

a,c 11.17 

VII 


8.4 

103 

Pennlhite 






104 

Chrysolite 

Mg2Fe2S04 

18 

7, 3, 20 

V 

2 
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MINERALS AND METALS. 


MINERAL 


References for Explanation 

24d 

34 e 

-0 

N 

Fracture ! 24f 

34e 

6 

1 

Name of Mineral 

Formula or Com- 
position of Pure 
Mineral 

Cond. 

Stretr. 

Lustre, 

Color 

Cryst . 
System 

Color of 
Streak 

in.i 


MgAlFeSi„0, 

18 1 . 

. c 7, 13.4 


2 


I0() Zircon 

Zr8i< >4 

18 

d 0, 17.11 

II 

0 

I 

107 I'hontc 

TllSl()4 + Il20 


c 0 





■J’liSiOj 







Scapolltes t 







100 Scarxilite 

{’aAl.Si«0*+HoO . 

1 

eO.13.10,2 

II 


1 








Ill Meionitc 







112 ,l)ipyrfi 

CaNaAlSinOx 






113 Mariahte 







114, Ve.suvianitc 

CaAIFeSi«Ox..r • •• 

18, 1 

7.17 

11 


1 

115 Epidole 

“ .... 

f 0,18,1 

c7.20,7.17 

VI 

2 

.1.. 

110 Allaiiite 

** • . . ♦ 






117 ZoiHite 

“ .... 


4.17 




118 Tourmaline 

MgAlFeBSi„0*. . . 

f 6, 1 

c 25. 18, 6 

TV 


1 

llOllubellite 

LiAIHSi„Ox 

f 6. 1 

11 

IV 


1 

120 7'o|)az 

AIFSi„(>^ 


c 10, 13, 7 

V 

0.2 


121 Danburitc 

('aHSi 2 <K 






122 loiitc 

MkAIIVSimO^ 






123 Keilliauito 

< 'a'l'i I'VSihGx . 

1 

10.0 


2 

3.17 


(VfiSiO? 

1 

bO, 3.17, 6 

VI 

2 


125 Andalusite 

Ab-SiOft ■ 

? 

.fc 4,8.12. 

V 

2 


120 Cyanif e 

AI.»Si()r. 

f7 

c 0. 13, 2 

VII 

2 


127.Sillim.ii)i(H 


7, 1 

c 4.17 

Vi 

2 


128 


• « 

. ..4 

.19, 2. . 




129 

Axinite 

OaMgAlFeSiuOar. .. 

f 

e 21 

vri 



130 

Staurolite 

MgAIFeSinOx 


0 21 , 0 

V 



131 

Cho.ulrodile 

MgFeF 8 i«()T. 

18 

c 0 , 8 , 17 


4 


132 

Datholite 

(^aBSinOxd 11 /) 

0 . 14 

0,2 

VI 



133 

Prehnite 

(/AI 8 i/)r + H 20 . 

10, 14 

c 19, 1 

V 



134 

Apophyllite 

(^aKFSiwOx + HsO 

4, 1 

e 0 , 8 , 2 

11 

2 


135 

Pectolite 

CaiNasSioOi? + 








H 2 O 

7 

c 0,2 





Zeolites: 







130 

Zeolite 

OaAISinOx + HoO . 






137 

Tno nsoriite 

(^aNaAlSinOxHsO. 

f 2. 9, 1 

...c 2 .. 

V. 



138 

Natrolite 

Na\ISi„()x + Il 20 . 

f 11, 15 

c 10, 3, 2 

V 

'2 


139 

Scolecite 

(’aA]Si„()x + n 20 . 


c 




140 

An Icite 

NaAISi/lx+HaO . 


c 1,2. 3.2 

I 



141 

Chabazite 

0 aKAlSi«O*H 2 O. . 


c 11,7,2 

IV 

2 


142 


fin 


.... 11 .... 




143 

Phacolite 

do. 


1 

iii 



144 

Ilaydenite 

do. 



VI 



145 

Gmelinite 

do. 


1 

IV 



146 

Stilbite 

CaNaAISinOxH 20 . 

6 

0 8 . 11,2 

II 

2 


147 

Harmotorae 

BaAISinOr+HoO . 

...f... 

. c 3, 8 , 2 . 

.V. 



148 

Phillipsite 

CaAlSi» 0 ,+H 20 . 



V 



149 

Heulandite 

f 

c3, 10, 16,2 

VI 



150 

Lamnontite 

“ 


0 3, 7, 2 

V 

2 


151 

Oligoclase 

CaKNaAISinO,... 
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25 24e 26.24e 27,24e 


6 -SI i 


Heat Tubes Bor. & Phos. Beads, Subl. 


• ‘S i* £ SJ 

© aS 'S Action Col i (’haiice Coioi c 
PS O E (fj Mnrl. Situ MiirJ. PI ” 

105 ab 5 5 2.8 ... . .... 

10« 7.5 4.7 7, 24 1 

107 4.(i 

108 


109 5.5 2.7 

110 

111 

112 2.0 

113 

114 (5.5 3.4 

115 ... G.5 3.4 . 

116 

117 

118 abe 7.8 3 

119 abe 7.8 3 

120 abe 

121 



125 . b 7.5 3.2 . 

126 0 3.6 

127 7.3 3.2 

[2g 

129 abe’ (5 8 3.2 

130 b 7 3 3.7 

131 b 6.3 3.2 

132 b 5.3 3 ..-ns . 

133 b 6.3 2.9 

134 b 4.8 2.4b4S4'n2| 


137 ab 4.7 2.3 ‘ha na , 

138 ab 5 2.2 ‘iia 

|ilQ 

140 5.3 2.2 

141 ab 4 2.1 

142 

143 a 

144 

146 a ’na 

146 ab 3.8 2.1 

147 .. . 4.3 .2.4 

148 -na 

149 3.8 2.2 h 

160 ab 3.8 2.3 'ha *na 
151 


. 8 .. .' 20 . 
31 19 

9, 22 2 


9 

12,9 

9,31 2 


to Tables 29, 
30. 31 


82 


Minerals and metals. 


31. ORES AND MINERALS. 
Useful for the Production of Metals. 

AND OP Substances Kmploved in Various Industries. 


Name of Ore. 
DifTererit Names 
under the .same Num- 
ber refer to the same 
Ore 


Metallic or other Product 
l*er from Ore 

I'ent 
Metal 


Iron. 

6 Iron sesquioxid 

Hematite, red ochre 
lied o\id of iron 
Siieciilar iron 
Iron glance 

6 Magnetite, loadstone 
Magnetic oxid of iron 

7 Limonite, bog ore 
Rrown hematite 
Brown ochre 
Brown oxid of iron 

8 Siderite, thomaite 
Iron carbonate 
Spathic iron ore 
Clay iron stone 
Black baud 


70 Reduced directly (or in the 
ca.se of hydrates and car- 
bonates often after prelim- 
inary roasting) m blast- 
furnaces with coke, and in 
some ca.ses with charcoal 
72 4 with the addition of flux, 
mostly limestone. The 
product plR Iron, of va- 
59 . 9 rioUH qualities determined 


2 Fe 2033 ir 20 59 . 9 rious qualities determined 
by the proportion of car- 
bon, silicon, sulphur ,phos. 
phorus, manganese, etc., 
combined with it, is re- 
FeCOa 48.3 melted and, depending on 
quality, cast into molds 
to form castings, or sub- 
jected to the process of 
flning and puddling, 
forming wrought iron, 
to the Bessemer and 
open-hearth process 
forming steel for rails 
and beams 

Charcoal wrought iron, by 
cementation and subse- 
quent melting in crucible 
is converted into best 
tool steel. 


Galena, galenite 



Lead sulphid 

Potter’s ore 

PbS 

86.6 

Cierusite, white lead 
Lew! carbonate 

PbCOa 

77.5 

Anglcsite 

Lead sulphate • 

PbS 04 

67.7 

Pyromorphite 

Lead phosphate 


76.3 


Metallic lead is reduced in 
various ways in blast and 
reverberatory furnaces or 
on hearths almost exclu- 
sively from galena. 

The product pig-lead 
when contaminated with 
other metals, principally 
silver, which is subse- 
quently extracted, is re- 
fined. The pigment, 
white lead, is produced 
from the pure metal by 
corrosion and combine 
tion with carbonic acid. 


USEFUL ORES AND MINERALS. 


USEFUL ORES AND MINERAI.S— (Con/tnued). 




1 Pure Ore | 


Ref. 

No. 

Name of Ore 
or Mineral 

Formula 

Per 

Gent 

Metal 

Metallic or other Product 
from Ore 

1 

Copper. 

Native copper 

Cu 

100 

Metallic copjxr is mostly 

2 

(Ihalcocite 

Copper glance 

CuS 

79 8 

reducetl from sulphids by 
prchininary roasting and 

3 

l{e<l ruthitc 

Vilieous copper 
Hornite, Erubescite 
Sulplnd of copiHjr and 
iron 

Ciial'eS;, 

r>5 

then treatment in rever- 
beratory or b 1 a s t-f u r- 
naces, producing matte, 
from which, by a serie.sof 
roast mgs and meltings, 

4 

Ilorse-flosli ore 

Pm pie coi)per 

Peacock copjMir 
Variegated copper ore 
Chalcopynte 

GuFeS.. 

.'{4 r» 

bliKter co/ijifT, is obtained. 
From this, by refining, 
commercial cojiper is pro- 
duced. 

Gofiper ores containing 

6 

Ojpper pyrito 

Siilpliul of coi)[)er 
P’ool’s gold 
Tetrahednte 

4(Cu.^?;Sb2S.. 

30.4 

r>nnci|)ally oxids and 
carbonates of copfier may 
be leached with dilute 
acids 'I'hesolutionsevap* 

6 

Gray copper 

Sulphid of antimony 
and copper 

Cuporde 

(hjsO 

88 8 

orated will tleposit cop- 
l>er salts of industrial 
application, as copper 
sulphate or blue vitriol, 

7 

Red cor)r>er ore 
Cuprous oxid 
Malachite 

CuaCOdhO 

.57 4 

copper chlond and hy- 
droxid. 

Malachite in selected 

8 

Green carbonate 
Azurite 

CU3(X)f)Il2() 

.5.5 2 

Hfiecimens can be worked 
into oinarnental articles. 

9 

Blue carbonate 
Clirys(!olla Cu 

Sj03-l-2fIo() 

.30 1, 

Copiier salts, especially 
the sulphate, are of ex- 

10 

Dioptase 

CuSjOsHoO 

40 2 

tensive industrial appli- 

11 

Emerald copper 
Enargite 

CusAsS^ 

48.3 

cation, in dyeing, in 
calico-printing, and es- 

12 

Melaconite 

CuO 

79.8(5 

pecially in electric cop- 

14 

Black oxid of copper 
Black c(ji)per ore 
Chalcantite 

CuSO^ 

39.0 

r>er-plaling. Sulj’hate 

has been employed for 
the pre.servatioii of woc^ 

1 

Blue vitriol 

Zinc. 

Sphalerite 

ZnS 

07 

and animal substances.' 

Metallic zinc is reduced 

2 

Zinc-blende 

Black-Jack 

False lead 

False galena 

Zincite 

ZnO 

80.3 

with coal from its ores, 
mostly subjected to a 
previous roasting, in re- 
torts closed at one end, 
in the form of \apor. 

3 

Red oxid of zinc 

Red zinc ore 

Gahnite 

ZnOAljOa 

.34.8 

which condense into 
liquid in the iron pifie 
connecterl to the open 
end of the retort. This 
metal, without any fur- 
ther refining, is indus- 

4 

Zinc spinel 

Automolite 

Willemite 

ZnsSiO^ 

58.. 5 

5 

Silicate of zinc 
Calamine 

Zn^SithHoO 

54 2 

trially employed as an 
alloy with copper, pro- 

6 

Hydrous zinc silicate 
Electric calamine 

Zinc carbonate 

ZnCOa 

59 9* 

ducing brass. It forms 
almost without exception 
the negative pole of all 


Smithsonite 

Dry* bone 


J 

cl cmical electric bat- 
teries. It is employed 
as a preservative against 
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USEFUL ORES AND MINERALS— 




Pure Ore | 

Ref. 

No. 

Name of Ore 
or Mineral 

Formula 

Per 

Cent 

Metal 

1 

Aluminium. 

Corundum 

ALOg 


2 

3 

4 

5 

6 

8 

Ruby 

Sapphire 

Oriental amethyst 
Oriental topaz 

Emery or corundum 

Bauxite 

AI 2 O 33 H 2 O 

34 6 

9 

11 

Gibbsite 

Chryso beryl 

Cat's-cye 

BeAl204 


12 

Alexandrite 

Cryolite 

AlFgSNaF 

12.8 

14 

Fluorid of aluminum 
and sodium 

Kaolin 

AlaSiOg 


15 

Turquois 

AIPO 4 H 2 O 


1 

Silver. 

Native silver 

Ag 

100 

2 

Argentite 

AgoS 

87.1 

3 

Sdver glance 

Silver sulphid 
Sulphuret of silver 
Vitreous sdver 
Pyrargyrite 

3(Ag2SXSb2S3 

59.8 

4 

Dark ruby silver 

Dark red silver 
Proustite 

3(Ag2S).As2S3 

G5.5 

5 

Light ruby silver 

1 Light red silver 
Cerargyrite 

1 AgCl 

75.3 

6 

Horn silver 
Monochlorid of silver 
Stephanite 

5(Ag2S)Sb2S3 

68 5 

7 

Brittle silver 

Sulphuret of silver 
and antimony 

Silver copper glance 

AgCuS 

53 

8 

Sulphuret of silver 
and copper 
Stromeyerite 

Sulphid of silver and , 
Iron 

Stembergite 

Telluric silver 

AgFeS 

55 

10 

AgTe 

46 3 

18 

Hessite 

Antimonial silver 

AgSb 

47.4 

14 

D}r 8 era 8 ite 

Polybasite 

9(Af^u)i 

50.6 


Sulphid of silver 

(AsSbkSBl 


Metallic or other Product 
from Ore 


corrosion, as a coating 
for sheet iron, which is 
then known as gal- 
vanized iron. 


[The minerals 1, 2 , 3, 4. 11, 
and 15 when crystallized 
and of proper color are 
ground into shape for 
jirec OU8 8fone8 and em- 
ployed in jewelry. 

|(j in amorjdious masses 
IS reduced to powder and 
fine sand and used as 
an abrasive and for 
polishing 

Metallic aluminium is re- 
reduc>ed from 8 , 9, but 
principally from 12 , by 
various tirocesses, among 
which reduction in elec- 
tric furnaces is one of 
the most suci'essful The 
fundamental material for 
pore. lain is found in 14. 


\N alive silver in nature is 
generally found inter- 
mixed in quartz which in 
addition may contain va- 
rious other silver com- 
pounds The quartz is 
reduced to a sandy pulp 
by stamping or crushing 
between rollers and the 
native silver is extracted 
therefrom by araalgama- 
tion. 

[The portion of this ore 
which is not directly amal- 
gamable is mechanically 
concentrated and together 
with other similar ores 
roasted and then either 
amalgams ted or treated 
by one of several solu- 
tion and precipitation 
processes. 

The amalgam of silver is 
freed from the mercury 
by retorting or distilla- 
tion of the m'ercury from 
the silver 

The precipitated metal 
from solutions is dried, 
compressed, melteil in 
crucibles and cast into in- 
got molds. 
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USEFUL ORES AND MINERALS---((7on/im/rr?). 


Name of Ore 
or Mineral 


Anlimony ami at^enie 
Miaigynte 
Sulphid nt siher 
ami antirmitiy 
Hromvnle oi sihei 

Embohle, eliloroln-o 
mud of silver 
lodirile, lodid of sil- 
\oi 

IVt/ile, tellurid of sd 
\er and fiokl 

Gold. 

Cold, natne 
(iueeiislaml native 
gold 

Austialiaii, aver age 
t'alifomia, average 
PaUulK! Kold. avoraKe 
Paipozite Kold, a\et 
Maldonite, gold a\ei 
Amal(^am, native 


NaKyaKite 

(’alaveiite 

MiUlcrifc 

Aiirifeious pyrites 

Platinum. 

Platiimin, native 
S|)er,vlite 

Iridium. 
Jridium, native 
Tridosminc 


Mercury. 

Mercury, native quick- 
silver 

Cinnabar ^ 
Mercury suliiliid 
Natural vermilion 

Amalgam, native 


Aul’d 
Aukh 
Aiiki 
AuJ Ig 

AuAfiTe;. 

(AuAK),Te 

AiiAgOuIMiTe 

AuTe 

AuAKl’bTe 
I'o.Sa + Au 


Metallic or other Product 
Per from Ore 

Cent 
Metal 

Solutions from pure silver 
41 "i sidt.s aio ('mployed in phn- 
toKiai'liv, in electroplat- 
iiifi: and to a liriiiteil cv- 
leiit in othei aits and in- 
duct iies 

The metal used foragreat 
\ aiiel \ of useful ami or- 
40 tiameiilal articles is al 
loved Kenerallj with cop- 


Nalive i/old is mostly found 
lot) associated with silver in 
vaiious pio))oitions, in 
!)- the piavel and sands of 
tt- ohl OI aitual rivei beds 
and III quaitz veins run- 
ning Keneiallv through 
giamte locks. In the 
04 r> priavel and saml itisfound 
'ki ;is dust and oeeasiorially 
as nuggcMs of vanous 
Sizes In quuitz the gold 
IS vlisseniinated through 
the lock, but in some rare’ 
cases may be found in 
masses soinet lines of con- 
.snlerable size. Natural 
alloys of gold with other 
metals than silver can 
only be founil as rare 
.specimens ot imneralegi- 
cal interest. 

Platuium and Iruhiim are 
bM) ! found in '•imilar forma- 
tions as gold. 

Platinum is almost exclu- 
,/)fj sivelj used b>i ehcrnical 
] appal at us, and as con- 
I ducting wiies in electric 
plus> lamps 

iAii alloy of r>hitiTium-irid- 
i mm muist it utes the mate- 
rial of tiie international 
1 sfamlards of measure- 
I incuts Iridium has been 
I used for tills of gold pens. 

• 'Nnlire mrrntry in small 
I quantities is found dis- 
seminated in a porous 
o/! o bituminous substance. 

■’ The principal ore is cin- 
I mibar, from which the 
I mercury is obtained by 
68 ! distillation. The metal 
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USEFUL ORES AND MINERALS-(Con(in«e<J). 




1 Pure Ore 


Ref. 

Name of Ore 


1 

Metallic or other Product 

No. 

or Mineral 


Per 

from Ore 



Formula 







is extensively used in- 
dustrially, and for physi- 
cal mstrurneuts. Some 





chemical compounds are 
used in medicine and one 
is in use as an explosive 
known as fulminate. 


Tin. 




1 

Cassitcrite 

SnOj 

78.7 

Ttn ore is generally ac- 


1 in-.stoiie 



comiianied by iron sul- 


Tin (Jio\id 



|)hids, and submitted to 
a preliminary ovidizing- 
roasting and then after 





washing and drying is 





reduced by heat with 
coal The metal ob- 





taiiieil is refined by 


Manganese. 



reiieated liquation Stan 

1 

Pyroiuaite 

Pohanite 

Black oxid of man- 


i 

nates (tin salts) are used 
as mordants m calico- 
printing 


ganese 

Manganese dioxiti 

MnOe 

03 

Manganese dioxid is prin- 

2 

Maiiganite 

Klanganese hydrate 

Mn2< ).Jl20 

62 5 

ciipally employed for the 
production of chlorin gas. 
One litre of |)ure dry gas 

3 

Braunite 

Manganese sesquioxid 

Mn2(^3 

! 69 6 

at normal at rnospheric 
pressure of 700 mm 




barometric column and 

4 

Rhodonite 

MnSiOa 

42 

0® C temperature is pro- 


Manganese silicate 



duced by mixing 3.98 

5 

Psiloraelane 

2{Mn02)H20 


grm.s of MnOa with 25 
to 30 cubic centimetres of 

8 

Uhodochrosite 
Manganese carbonate 

Mna)3 

47 8 

commercial hydrochloric 
acid 

9 



In the metallurgy of steel 

Albandite 

MnS 

03 2 

a combination of man- 

10 

Hauerite 

MuSs 

46.2 

ganese, iron, and carbon 
in various proportions is 

11 

Tiplite 

MnPO 

54 

employed principally as 
deoxidizing agent. 


Chromium. 




1 

Chromite 

FeCrjO^ 

46.5 

50 per cent CrjOs in an 

10 Pb 

Crocoisite 

Crocoite 

PbCrjOi 

27 7 

ore is considered as the 
market .standard. The 




Cr 2()3 forms a green pig- 
ment, chromates and 
bichromates of pota-ssa 
are oxidizing agents in 
dyeing, calico-printing. 




Nickel. 



electric batteries. 

1 

’ Millerite 

Nickel pyrites 
Sulphiiret of nickel 
Capillary pyrites 

NiS 

64.3 

Ores of nickel and cobalt 
occur in nature neariy 
always associated to- 
gether 

Nickel salts have an 

2 

lluicolite 

NiAs 

44 
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USEFUL ORES AND MINERALS— (Conftwwfrf) 




Pure Ore j 

Ref. 

No. 

Name of Ore 
or Mineral 

Formula 

1 

Per 

('eiit 

Metal 


Copper nickel 

Arsenical nickel 



3 

Breithaiiptite 
Antinionial nickel 

NiSb 

29 

4 

Geiithite 

NhSiO-iHoO 

.TS.Sf 

6 

Carnierite 

NiSiO, 

47 ' 

6 

Peritlandite 

NiFeSj 

28 


Cobalt. 



1 

Linacite 

Cobalt pyrites 
Sulphurct of eobalt 


.-iS 

2 

Smalt ite 

Tin-white eobalt 

CoAso 

28 2 

3 

Cobaltite 

(k»A.sS 

.3.'> n 

5 

Erylhrite 

Cobalt bloom 

Arsenate of cobalt 

Co,4s/)(iH:>( ) 


7 

Black oxid of cobalt 
Earthy cobalt 

CoOMn^f 

2.5 3 

8 

Cobalt vitiiol 

(oSO^GllaO 

22 1 

1 

Antimony. 
Antimony, native 

Sb 

100 

2 

Stibnite 

Antinionito 

Antimony glance 

Gray antimony 
Antimony sulphid 

SbjSa 

71 4 

3 

Senarmontite 

White antimony 
Valentinite 
Antimonious oxid 

SboOa 

83.3 

4 

Berthierite 

Haidingerite 

Sb2S3FeSj 

.52.6 

5 

Kermesite 

Sulphoxid 

2Sb2.S3Sb2t)3 

75 7 

1 

3ismuth. 

Bismuth, native 

Bi 

100 

2 

Bismuthinite 

Sulphid of bismuth 

BimSa 

81 

3 

Maldonite 

Bismuth-gold alloy - 

Bi,Auy , 



emerald-Rreeii color, they 
have .1 sweet taste 
which soon becomes 
acrid and metallic. 


bloom rcdtlish color 


in various wajs. Sul- 
pliid.s and arcenids of 
nickel and cobalt may 
be oxidized by roasting, 
the oxids dissolved in 
hydr»cl()ric and. the 
solution evaporated to 
dryness, redissohed in a 
little water to which i3 
added a concentrated 
solution of potassium 
nitrite with an excess of 
acetic acid ('obalt is 
tlieieby precipitated as 
a brilliant yellow pow- 
der Filter and wash 
with ammonia water; 
add potash solution to 
the filtrate, which pre- 
cipitates all the nickel 
therein 

Sulphids of antimony are 
generally found crystal- 
lized as long gray needles 
with a metallic lustie 

A number of salts of anti- 
mony are ol iniporfani’e 
in medicine, like tartrate 
of antinionv and tartrate 
of antimony and jiotas 
slum, an emetic 

The metal is extensively 
employed as an alloy, 
principally with leaiJ, to 
which tin, copjiei. and 
zinc may be added m 
various proportions 

A band of iron or of zinc 
plunged in a solution of 
a salt of antimony, will be 
covered by a film of the 
metal 


in the native state Sul- 
phids aie conifiaratively 
rare. The metal alloyed 
in various pntportions 
with lead and tin forms 
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USEFITT. OHES AND MINERAT>S— (Con/m?/<>d). 




Pine Oie 

lief. 

Name of Ore 



No. 

or Mineral 

Eormula 

Per 

Out 




Metal 

6 

Bisrnutliife 

Carbonate of bismuth 

Uranium. 

Blut’t )r, 

S2 

1 

Uranito 

Pitch- blende 

TT3O4 

91.8 

2 

Tarberiute 

lICuPO, 


3 

Aut unite 

Vanadium. 

UCaPO, 


1 

Vanadinite 

VPbOa 

1G.7 

2 

Vanadate of copper 

Tellurium. 

(hiVOi 


1 

Tellurium, native 

Te 

100 

2 

Herrerite 

Arsenic. 

TeNiC 04 


1 

Native 

As 

100 

2 

Arsenoiiyrite 

Mispickel 

PeAs2l'V.S2 


3 

liealgar 

AsS 


4 

Orpiment 

As2.S,j 



Arsenolite 

White ar.scnic 

Sulphur. 

AsyOa 


1 

Sulphur, native 

S 

100 

Pel 

Iron pyrites 

PeSa 


2,3 

of all kinds 

Selenium. 

I'eSj. 


1 

Selenium, native 

Se 


2 

Eucante 

Agt'uSex 


4 

(’lausthalite 

PbSe 


5 

Lehrbachite 

HgPbSex 


6 

Zorgite 

CuPbSei 


Hg7 

Selenul of mercury 

Thorium, Cerium. 

HgSe 


Th 1 

Thorite 

ThSiOiH..O 


Oe3 

Parisito 

tWX).,H‘(> 


5 

Cryptolite 

(VPO.,' 


6 

Cerite 

Strontium. 

CeSiOr,IIo() 


1 

Celestine 

Sulphate of strontia 

SrSO, 


2 

Strontianitc 

Carbonate of strontia 

Barium. 

SrCOa 


1 

Heavy spar 

Sulphate of baryta 

BaS 04 



Metallic or other Product 
fioin Ore 


very fusible alloys the 
nielliriK-poiiils of which 
may l>e lower than the 
boiluiK-ixmit of water. 

Pitch-blendc is the ore from 
which radium has been 
obtained. 

A pigment which colors 
glass a bright canaiy yel- 
low, and wtiinh is used for 
painting iioicelain, is ob- 
tained from these ores. 

Vanadian black, for oalico- 
jirinting, salts for fixing 
colors on silk. 

Thermoelectric batteries. 

ArseniouH arir/.AsoOs, is the 
mam eoniinorcial product 
derived from ores of ar- 
senic, which, however, 
consist mainly of com- 
jioutid.s of ^’ariou.s metals 
with arsenic, arsenioiLs 
acid being obtained as a 
by-product. 

Sulphur IS generally puri- 
fied from native sulphur. 
The best quality of sul- 
phuric acid IS prepared 
from iiurdied sulphur 
Acid from pyrites is gen- 
erally contatniiiated with 
impuritie.s 

In selenium the flow of 
elect nr current varies 
with variations of light 
In the ilark selenium is a 
giMxl insulator and be- 
comes comluctor of elec- 
tiicity in sunlight. 

Thoria. Tlif). with 2 per 
cent of Ceria, 0.0, are 
the substances said to 
produce the glow of the 
Wellsbach mantles used 
over Bunsen gas-burners. 

Nitrate of atrontia, pro- 
tluces a red color in 
fireworks 

Nitrate of baryta, in fire 
works, produces a yellow 
color. 

Olid of barium, or Banfia 
BaO, is extenedvely tund 
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Name of Ore 
or Mineral 


Wilhcnle 

(’aiboiiale of liarjia 
MiiKne.slutii. 
Hrucifo 
MaKiiesite 

( 'ai Ixinate of nuiKiie- 
Ma‘ 

Dolofiiite 

lOpsornite 

'J’alc M 

Serpentine M 

Carniillite 


Calcium. 

(\'ilcite 

Maible 

Limestone 
Fluor-spar 
Ciypsum 
Hydraulic lime 


Sodium. 

Halite 
Hock salt 
Sodium chlorid 

Borax 

Sodium borate 

Soda nitre 
Nitrate of soda 

Thenarclite 
Glauber salt 

Potassium. 

Syhite 

'Chlond of potassium 
Saltpetre 

Nitrate of potassium 
Potash 

Carbonate of potassa 


1 Pure Ore | 

Foi inula 

Per 

Cent 

Metal 

BaCO., 


MgOH..() 


MgCt >3 


Mg('a2((M).,) 

MgSO, 

jSi 4 < )„H:.0 

)Si..()72(HX)) 


Mg('l.d\(’l 
+ 011.>O 


C’a('<)., 


GaCU.i 


(’ah’. 


(’a,S(b21l2() 


(:aAlo,Si/)« 


NaCl 

(M) 6( 

NaBoO^ 

-I-.dHsO 


NaNOa 

I 

Na,»S./)7 


Na^St I4+ 
IOH2O 


KOI 


KNO3 

. f 

KsGOj 

\ 


Metallic or other Product 
from Ore 


in chemistry for the 
elimination of sulphuric 
acid from solutions. 

Besides the metal magne 
Slum, which IS generally 
lediiced from 10, various 
compounds, as magnesia, 
Mg(>, form commcrciui 
ai tides. 

Eimm salt, MgSO,7HoO. 
IS a medical substaine. 
('ala tied dolomite is the 
niateiial used as lining 
in the basiL steel proeeaa. 
J'alc in Its natural state 
IS uoiked into vaiious 
ornamental articles, and 
seriiontine is employed 
as an ornamental archi- 
tectural stone 
(’aibonatft of lime crystal- 
lized and transparent is 
known as caicite; crystal 
hzed massive from white 
to black, shaded in a 
great variety ot colors, as 
marble, is extensively 
used as an ornamental 
stone; aniorfihous, mas- 
sive in Its natural state as 
budding stone, and cal 
cined and mixed with 
water and .saiid.asmortar 
G y ]) s u rn calcined and 
ground to powder consti- 
tutes olaster of Pans, and 
calcined hydraulic lime is 
known as cenient I<rom 
fluor-stiar fluor-hydnc 
acid IS manufactured 
Book salt is ti e fundanien 
tal material fioni uhicb 
nearly all other soda com 
jiounds can lie n anufac- 
tured; chloiin and hy- 
drochloric acid are ob- 
tained from it 
Mitrate of soda is exten- 
sively employed for the 
man ufacture of nit ric acid 
^rom natural potassium 
compounds a great num 
ber of salts are produced 
for industrial application, 
Saltpetre is an oxidizing 
agent and as such an ingre- 
dient of gun- and blasting, 
powder, and is used as raw 
material for nitric acid. 
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33. EXTRACTION OF METALS FROM ORES. 

METAiJJTRdICAI. ABSTRACT. 

Magnesium. 

Reduced from caniallite, Mgd.JvCl + 01120, by electrolytic 
process and purified by distillation. It is a white lustrous 
metal, wliicli can be rolled into wire or ribbon. It is not affected 
by dry air, but o.xidizes (juickly in the presence of moisture 
Combining heat of Mg + 0= 146,100. 

Uses: Vor powerful light in pyrotcchny and in photography; 
for dehydration of ethers, oils, and alcohols, its hydrate being 
quite insoluble in tliese substances; for the reduction of oxidf 
in melted metals, especially in nickel, sometimes in copper, 
German silver, and even steel. Is the most powerful and 
reliable reducing agent ust^d in laboratories 

In the metallic form introduced in solutions of gold, silvei 
platinum, bismuth, tin, mercury, copfHjr, lead, cadmium 
thalium, iron, cobalt, and nickel, metallic precipitates are 
formed. Iron, cobalt, and nickel so precipitated from slightlj 
acid solutions, wlien washed, dried, and compressed, have 
great brilliancy, may be completely dissolved in acids and an 
highly magnetic. 

Magnesium introduced into water containing in solution i 
little conimon salt, sal ammoniac, or dilute acid, evolves inodor 
ous hydrogen of great purity. 

Lithium. 

Reduced from anhydrous chlorids by electrolytic process. 

Uvsed only in chemical laboratories, it is of no industria 
application. It is a silver-white soft metal, which decomposei 
water at ordinary temperatures. 

Beryllium or Glucinium. 

Reduced from beryl .(Be()) 3 Alj 036 (Si() 2 ), or any other bery 
compoupd, by an elaborate chemical process. 

Of ^ special application in the arts. 

It is a soft, malleable, and tough metal of white lustre, whicl 
in the form of powder, wire or thin ribbon bums in the air. 
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Sodium. 

Reduced by heat from anhydrous carbonates mixed with 
carbon, or by electrolysis, mainly from fused clilorids or hydrates 
A soft white metal wliich alloys readily witli lead, tin, and 
other easily fusihh* metals, and forms amalgams with mercury 
Uses; It has lately been cin^iloyod in the manufacture of 
sodium |)ero\id and of potassium cyanid It is in use for 
the production of chemically pure hydroxid and is employed 
in the reduction of a number of oxids, and in the aniline color 
industry. 


Potassium. 

Reduced in a similar manner as sodium, but with more diffi- 
culty. 

It is a white lustrous metal; when freshly cut is softer than 
sodium. It emits a vapor of green color when heated above 
700° V 

Uses; In chemical laboratories it is produci'd as a scientific 
curiosity. Industrially it has no application. Its chemical 
actions are similar to those of sodium, only more violent. 

Calcium, Strontium, Barium. 

These metals are very difficult to obtain even by reduction 
of chlorin salts by powerful electric currents. 

They are all of yellow' color and are of no industrii.l application. 

Calcium Carbide, a combination of calcium and carbon, is 
produced by electrolytic treatment of a mixture of quick- 
lime and charcoal in an eleistric furnace. It is used for the 
production of acetylene gas by dripping water on it. 

Aluminium. 

Grabau Process : Treat a solution of sulphate of alumina with 
cryolite according to tlie equation: 

AySt V34- Al^FofifNaF) -2(A1,FJ + 3(Na2SO,). 

The insoluble aluminium fluorid is ‘filtered, washed, and after 
being dried and heated to a dull-red heat is charged in a cold 
vessel lined with pure cryolite The proper proportion of 
sodium in a lump is put on top of the heated aluminium fluorid 
and the vessel is quickly covered up. 
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The reactif)n, witli groat o volution of lioat, will take place 
according to the o<juation: 

2(Al,t;,) + (>Na - Al + A1 ,FcG(NaF) . 

The ahiniiniuni nu'ltod to a roguhis will l)o found at the 
bottom of tlu> v(iss('l oo\(M'od with a slag of cryolilo wliieh can 
be used again for a ropotititni of tlu; oi)oration. The aluminium 
80 obtained is unusually pure. 

Electrolytic and (‘h'ct.ric heating process: In an iron vessel 
with a lining of a pure refractory aluminium com})ound (alu- 
mina, cryolite), put as electrolyle a solulion of alimiiiia, AUlg, 
in alkali ciilorids and lluorids, or aluminium lliioiid Provide 
the vcSvSel with a carl)on anod(‘ and a cooled iron or steel cathode 
The current density is about 2 amperes per cm scjuare (10.1 per 
8(p in) of cathode surface at about H) volts The solution 
should be k('[)t at i)ro{)er strength bv the addition of alumina 
as required The temperatur(> «<hould be kept as low as possible. 

Aluminium sulpliid produced in accordance with the chemical 
equation; 

Al,( >3 + ac + M '( ) + Al,8„ 

dissolved in a fused alkaline chlorid, has been proposed as 
electrolyte. 

The color of the metal is bluish w'hite, with a high metallic 
lustre. The atmosphere at ordinary temperature's has no 
action on it. Water, dilute organic acids, and nitric acid 
liave almost no action on it. Sulphuric acid dissolve's it slowly, 
but hydrochloric acitl and caustic soda attack it energetically. 

rises: For all kinds of utensils in common use. In small 
quantities as deoxidizing agent in iron, steel, and copper found- 
ing. If in cast iron more than re(iuired is added it has a ten- 
dency to separate carbon in graphitic form. 

Cerium, Jjanthanum, Didymium. 

The cerites in the metallic state are obtained from their 
fused chlorids by electrolytic process. 

Cerium, nearly of the color of iron, is st)ft and malleable. 
It combines with copper and iron producing dense alloys. 
As filings, scrapings, or fine wire, it can be bunied, producing 
a brilliant light. 

Lanthanum, of similar color, somewhat hard. 
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Dlfiyniium of a clear gray color is harder and less malleable 
than ceriiini. 

\ Uses: Of no special industrial use. They might be employed 
alloy willi other metals and to reduce their oxids, if the 
raw material should be found to be more abundant. 

Copper. 

Tlie ores most commonly u.se<l for the extraction of copper 
are the copi)er pyrites, Ou.,S- I^’e,S„ and other sulpliids of copjxjr. 

The Welsh or Roasting 1‘roeess consists in a succession of 
roasting and calcining operations, and of melting and casting, 
thereby obtairiing a gradual concentration of co{)per by the 
oxidation of most of tlie foreign matter and by converting a 
porrioii into slag. By this succession of optjrations blister 
copper, with only a .small iKTcentage of impurities, is obtained 
This is subjected to final refining by sjx'cial treatment in a 
furnace, or by electrolysis in an acid sulphate of copper solution. 

The iicrnian or Swedish Reduction Proccs.s con.sists in (1) 
roasting tlie ore; (2) melting, obtaining a matte with 30 to 40 
per cent of copfwr, called coarse metal; (3) roasting the coarse 
metal; (4) melting, obtaining a matte with (>0 to 70 per cent 
copper, calk'd fine metal; (a) roasting the fine metal; (0) melt- 
ing, oldaining after casting black copper. 

Leaching Copper Ores and Furnace Products. — Oxids and 
carbonates an* treated directly with diluto sulphuric acid or 
hydrochloric acid, or with chlorid solutions, other compounds 
are oxidized by weathering, or are subjected to a chloridizing 
roast, or treated with oxidizing or chloridizing agents and 
dissolved in water or dilute acids 

From solutions of this kind sulphates or hydroxids arc obtained 
by evaporation, or cement copiJer by precipitation witli metallic 
iron, or refined copper is obtained from such solutions by 
electrolysis. 

Bessemer! zing Copper Matte. — This operation is performed in 
a convertor with acid lining, similar to the one employed for 
steel. The tuyeres, however, arc placed at the side and not 
in the bottom. The matte treated shcfuld contain as an aver- 
age 50 to 55 per cent copper, the extremes being 45 to 60 per 
cent. The blast pressure should }>e about 1 1 pounds per square 
inch. The result is blister copper of about 99 per cent pure 
metal. 
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Uses* Tlie great variety, extensive and numerous employ- 
ilients in tlie arts and industries of this metal is generally so 
well known that no special mention of them need be made 
here. 


Silver. 

Silver ores, after being pulverized, .are generally treated by 
aiiialganialion. Metallic silver is easily dissolved in mer* 
cury; siber salts and silver sulphids are decomposed by the 
same metal. Other ores are subjected to a chloridizing roast^ 
and with the addition of a reducing agent the silver is sc*parated 
by amalgamation with mercury and subsequent distillation 
of the latter. 

Silver is separat-ed from lead, 1st, by a process of concentra- 
tion (Patinson’s process), and subsequent cuj)ellation; 2d, by 
concentration in molten and crystallizing zinc (Parker pro- 
cess); 3d, by concentration in zinc w'ith the addition of a small 
quantity of aluminium (Roesler and Kdelmann). In all these 
cases the silver is isolated by the distilhition of the zinc. 

Zior-VoRel Process. -Silver is separated from argentiferous 
copper matte by roasting so as to fonn coppt'r sulphate, crush- 
ing, and re-roasting so as to fonn by double decomposition 
silver sulphate, dissolving in hot water and acid copper-sul- 
phate solution, finally precipitating the silver from this solu- 
tion by metallic copper. 

Augustin Process. -Silver ore is treated by a chloridizing 
roast, the sih^er chlorid formed is dissolved in a concentrated 
solution of sodium chlorid; from this solution the silver is 
precipitated by metallic copper. 

Patera Process. -The silver chlorid is dissolved by a sodium- 
thiosulphate (hyposulphite of soda) solution, and is Converted 
into silver sulphid by the addition of sodium sulphid. 

Kiss Process. — The solvent for the silver chlorid is a cal- 
cium thiosulphate solution and silver sulphid is obtained by 
adding a calcium sulphite solution. 

Russell Process. —The roasted and chloridized ore-pulp is 
leached with water and then lixiviated with a li to per 
cent solution of sodium hyposulphite (sodium thiosulphate), 
dissolving the silver chlorid. Lead contained in the solution 
is precipitated as carbonate of lead by the addition of pure 
carbonate of soda. From the decanted solution, silver sul- 
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phid is obtained by the addition of sodium sulphid. Any 
residue of silver in the ore differently combined than chlorid 
is dissolved in a solution of a double salt of sodium sulphate 
and copper sulphate. P>om this solution the silver and cop- 
per are precipitated as silver sulpliid and copjxir sulphid by 
the addition of sodium sulphid. 

The filtered precii)itate of the two operations liefore com- 
pletely dry is treated with sulphuric acid with tlie addition of 
sodium nitrate, producing (piite a violent reaction. Gold or 
silver chlorid will not dissolve. The silver is precipitated 
from the solution by metallic copper. 

Wet Assay of Silver. 

Dissolve in nitric acid, evaporate to dryness in presence of 
sulphuric acid Dissolve in boiling water and immerse imme- 
diately a plate of cadmium in the solution. The compact 
black-gray precipitated mass should tlien be boiled in the 
acid water until hydrogen ceases to be evolv(‘d. W'ash free 
of sulphuric acid, decant, dry, and calcine, giving thereby 
the silver its metallic lustre, and weigh. 

Electrolytic Silver Refining. 

Moeblus Process. — The anodes are made of silver plate of 
95 to 98 per cent pure silver, with various proportions of other 
metals such as copper, lead, zinc, bismuth, etc They are sur- 
rounded by tight canvass stretched over wooden frames. The 
cathodes are made of a thin silver plate, on each side of 
which strips of wood projecting from a moving frame are kept 
in motion, so as to detacli constantly strips of siher crystals 
which form on the cathodec These fall to the bottom on a 
filtering-cloth stretciicd below the cathodes in the wooden 
box containing the electrolyte The electrolyte consists of 
a weak acidulated solution ol silver nitrate contained in a 
wooden tank of rectangular form, strongly assembled and 
ftiade water-tight and acid-proof fiy a coating. 

Borcher*s Process.— The anode consists of granulated alloys 
containing about 60 per cent pure silver. The cathode of 
sheet silver is suspended in a cell with perforated double walls 
on both sides, with close-filtering material inserted between 
the double walls cn each side. The bottom of the rectangular 
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tank containing tlic electrolyte is heveletl and the granulated 
metal of the anode Is filled in hetween the end 'walls of the 
(ank and the double walls of the cell containing tlie cathode. 
The conductors of the ariodc'S are lod.s of tin* same compo- 
sition as tlie gnniulated metal The eh'ctrolyte of dilute nitric 
acid or of a solution of nitrates, preh'iahly of copper nitrate, is 
introduc(‘d in the cell and flows through an opening in the 
bottom of th(' cell to the Ix'veled bottom of the tank, and then 
uj) througli tli(' granulated allo.\ to the top, wliere it is dis- 
charged through a pipe and collected lor further treatment, 
for the separation of the disstflved metals and jiu])urilies carried 
away. 

Uses of Silver. — Pure silver is almost exclusively used for 
chemical eom])ounds em{)love(l m ])holograph\ , electroplating, 
etc In tli(' .arts it is genendh emplo\e(l .alloyed ^\lfh various 
percentages of c<tf)per. In this conditioji it is formed into 
a variety of objects of art an<l household articles. 


Gold. 

Placer Mining. — Gold in the nif*tallic state is o))tained from 
disintegrated rock in tlie form of .sand and gravel, liy v. ashing. 
It is generally obtained in this manner in fine ])artic]es known 
as dust. It has occ.asion.ally Ixam found in lumps of various 
sizes known under the name of nuggets. 

Aiiialganiatiiig Proces.s. — When the gold is adherent to 
rock the gold-liearing rock is reduced to a sandy powder (pulp), 
mixed with menairy, and washed by water over amalgamated 
copjx'r plates (plates coated with mercury), where the already 
formed gold .amalgam .and the line metallic particles of gold 
coming in cont.act with the coating of the plates arc mtained. 
The s.and is then washed oaer rifles and blankets and treated 
in concentrating machines separating the light from the heavy 
parts, retaining the latter for further treatment, consisting 
mainly in roasting and re.am algamating. 

Chlorination. Plainer’.'* Process. — In a charge of gold- 
bearing pulp, contained ‘in a revolving iron drum lined with 
lead, a stream of chlorin gas is conducted, producing chlorid 
of gold, which is soluble in water 

Thies Proce.s.s.— For each ton of ore in the revolving drum, 
130 gallons of water, 30 pounds chlorid of lime, and 36 pounds 
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concentrated sulphuric acid are added, and the dnirn revolved 
for some time, A solution of cldorid of gold is thus obtained 

The silver rtunains as an insoluble ehlorid, whieli can after- 
ward be separated by dissolution in sodium liy]M)sul))hite solu- 
tion or in brine. 

Cyanld of Potassium or McArtlnir and Forest Process. — The 
pulped ore is leaelu'd with a solution of 0 2 to O.K per cent of 
potassium cyanid, KC'y, and tlnui with water. Tlu* gold is 
obtained from this solution by {U'eripitation with zinc or alu- 
minium, or by elt'ct roly sis. 

The cyanogen in tlie eyanid solution sliould ]iot e\ceed 
eight parts to one thousand ptirts of water. 


Separation of Gold from other Metals. 

Cupollation. — Lead is separated from gold or from gold and 
silver by conversion into litharge of the lead, by means of 
heat and exposure to tlie o.xidizing action of air, 

IB-oesler’s Process. — (’opper, ami in ]>art sih'ei, is separated 
from gold by i using with suli)lmr or w'itli antimony sulplud, 
obtaining copper or silver suljdiid. 

Miller’s Process.- Silver is separated from gold l^y fusing 
in a refractory crucible, covering witli borax, and passing a 
stream of cldorin tlirough the molten metal, converting the 
silver into silver cldorid. 

Solution by Acids, (juartation. — »Silv(‘r is scparatfid from 
gold by solution iri nitric acid, pioducing nitrate of silver 

A granulated alloy of gold and sil\(‘r heated W'itli strong, 
sulphuric acid produces suljdiate of silver. The brown residue 
of gold is w'aslu'd, dissolved in acpia regia, and precipitated 
with ferrous salt. The precipitate, after being filtered and 
washed, is melte<l with fluxes and cast into gold bars. 

The silver in the sulphate is precipitat'd by scrap-iron, 
filtered, washed, dried, fused and cast into bars. 

Electrolytic Treatment. 

Siemcns-Halskc Proccs.s. — Gold-bearing pulps or amalgamator 
tailings arc'treated with a weak solution of cyanid of potassium. 
The solution containing most of the gold is collected in an 
iron electrolyte tank. The anodes arc made of sheet-iron 
plates and the cathodes of lead plates of same dimension, sup- 
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ported by wooden frames. The electrodes are placed in the 
rectangular tank a little over 1 inch apart, and are electrically 
connected to longitudinal copjxjr rods in electric connection 
with a dynamo of proper constniction. Tlie current density 
should l)e about GO amperes per sq. metre (5.G amperes persq. 
foot) at an electromotive force of 4 volts. The gold collects 
on the lead plates, which are from time to time withdrawn, 
and the gold is then separated by cupellation. The solution 
should contain only from 0 05 to 0.08 per cent of cyanid 
of potassium, and in some cases only 0 01 per cent has been 
employed. 

Uses. —Pure gold is iwd for chemical preparations, for 
gold-plating, etc. For coinag(i 90 pt‘r cent gold is generally 
alloyed with 10 j^er cent copf)er. English gold coins contain 
91 G per cent of pure gold For jewelry and other goldsmith’s 
work, gold is alloyed with various other metals, mostly silver 
and copper, in variable proportions. 


Zinc. 

Zinc ores are generally submitted to mechanical operations 
for concentration and are then roasted. The roasted ore is 
intimately mixed with coal and the zinc is reduced in retorts 
of refractory material at a red heat, where it is converted into 
vapors which are condensed into metal in iron pipes or hoods 
connected to the open ends of the retorts, the molten zinc 
being collected in pots placed below these pipes. From these 
pots it is ladled into molds for the production of the com- 
mercial ingots or cakes. 

Belgian Process. — This is the process most commonly em- 
ployed industrially. The retorts consist of cylindrical pipes 
of refractory material closed at one end, of a length and diam- 
eter convenient for charging and cleaning them, and of suffi- 
cient strength to resist distortion as much as possible while 
in use. 

A considerable number of these retorts are set horizontally 
in a properly constructed furnace in parallel horizontal and 
vertical rows. The open ends of the retorts, wdiich are placed 
somewhat lower than the closed ends, are covered by a sheet- 
iron hood to which are connected short conical sheet-iron 
pipes discharging the molten zinc downward. 
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Uses. — Zinc is extensively used in metallurgical works for 
desilverization of lead, as a reducing agent in cliemiistry, as 
electrodes in galvanic batteries, as the main compound with 
copper in alloys for brass and, with copper and tin, for sub- 
stitutes for bronzes. It is rolled into sheets for a multiplicity of 
useful purposes, and is ai)plied as a coating of sheet iron for 
galvanized iron, etc. 


Cadmium. 

Cadmium is obtained mostly as a by-pToduct in the metallurgy 
of zinc, as its ores generally .accompany those of zinc A more 
or less brown oxid of cadmium accumulates in tlie iron con- 
denser of zinc retorts, from which cadmium, more f)r less mixed 
with zinc, can be distilled and, after purification, may be 
cast into rods. 

Uses.— 'The metal is niainLy used for fusible alloys. Its 
haloid salts are used in pliotography and the sulphid is employed 
as a pigment. 

Mercury. 

Sulphid of mercury, or cinnabar, is the ore from which most 
generally mercury is obtained by distillation. It is purified 
partly by filtration and partly by redistillation. 

When pure it can be separated into bright perfect little 
globules whicli instantly unite when brouglit together. When 
contaminated with lead, zinc, or bismuth the globules tail and 
leave a streak when rolled on a glass plate. 

For purification: 1. Pour the mercury in a tray with flat 
bottom in a thin layer and cover with nitric acid, lea\ing it 
exposed for a day or two with occasional stirring until the 
mercury no longer tails. 2. Cover the mercury in the tray 
with protonitrate of mercury and treat as almve. 3. Shake 
the mercury in a bottle with air and powdered sugar, renewing 
the air from time to time. Filter through a paper cone with 
a hole in the apex pricked with a fine needle. 

Uses.— This metal, l)eing liquid at ordinary temperatures, is 
extensively used for scientific apparatus in physical and chemical 
laboratories; in metallurgy for amalgamation of gold and 
silver from its ores; in the preparation of a number of chemical 
compounds for medical and industrial purposes, for explosives, 
and for pigments. 
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Tin. 

The almost exclusive ore of this metal is cassiterite, SnOj. 
After lx?in{; separated ))y iiiechanieal means from foreign mat- 
ter, it is converted to the metallic state by reduction with 
coal under lieat, tlu! foreign matter yet prescuit ])eing liijuefied by 
proper fluxes The crude metal obtained is refined by liquation. 

Electrolytic Process.— Tin scrap has been toxited, in a bath 
of a solution of 12 to 15 jK'r cent of sodium chlorid mixed with 
about 5 f)er cent of caustic soda, by a current of 1 5 to 2 volts 
and 150 amperes p( 3 r atjuare metre, resulting in spongy tin, 
iron, and a little preparing salt (mordant for calico printing 
and dy('ing) The scrap in a basket, wdiich may be of iron, 
Bcrv'ea as anode and a sheet, of iron is used as cathode 

Uses. — Tin is largely used as a coating for other metals 
(tin-plate, tinned w’in*, etc.), as an alloy with copper (l)ronze), 
with lead (f imu^rs, and plumbers’ solder), and with sonu' other 
metals, as tinfoil, for all kinds of purposes, ("hemieal com- 
pounds of tin arc used in calico printing and dyeing as mor- 
dants, and as pigments for paint. 

Lead. 

Only galena, PbS, and cerusitc, PbCOg, arc generally used 
as lead ores, but lead is extracted in many cast's from Wiiste 
products of other metallurgical operations. 

Bcactioii Process. — When galena, PbS, aT)d cenisite, PbCO,, 
are mixed in projDt'r proportions and subjected to heat, the 
carbon dioxid, (Xb, is driven off in the first stage of the opera- 
tion, and the sulphid reacts on the oxid of lead, 

2PbC)+PbS-3Pb+S()2, 

producing metallic lead and sulphur dioxid. 

In treating galena exclusively a portion is roasted to oxid 
and then mixed with the projxT quantity of raw ore, when 
the same reaction will take place. 

The first portion of galeita may be roastod to a mixture 
of sulphate of lead. PbSO^, and oxid of lead, PbO, and the 
proper proportion of raw ore added. The chemical reactions 
will then be as follows: 

Roasting to oxid and sulphate: 

2PbS+ 70 = PbO -h PbSO; + SO,. 
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Reducing from oxid to lead: 

2Pb0 + PbS=3Pb + S02. 

Reducing from sulphate to lead: 

PbS0, + PbS=2Pb+2S02. 

8 

Corinthian Process. — Small charges are treated at the lo^i 
est temperature possible in small funiaccs. Part of tlie charge 
is roasted to sulpliate and mixed with the part not roasted. 
Whatever has not been reduced to metal is treated witli char- 
coal and by proper manipulation mostly reduced to metallic 
lead. The residue, containing from 3 to 9 per cent of lead, 
is concentrated to 50 to 00 per cent and rcmelted. 

English Process. — Large charges of ore are treated at high 
temperatures in large furnaces. The roasted part is imme- 
diately reduced by the sulphid. Tlie impurities are from 
time to time converted into easily fusible slags which are re- 
moved to be smelted in special furnaces, as they generally are 
yet rich in lead. 

Tarnowitz Process.— ’Large charges are roasted at low tem- 
peratures in large furnaces and treated substantially as in the 
Corinthian process. The residual containing considerable lead 
is remelted in sj^ecial furnaces. 

Ore Hearth Process. — Tlie ore mixed with fuel is treated on 
a hearth, the roasted portion is reduced by the unaltered ore 
and by the carbon of the fuel. 

Boasting and Reduction Process. — Sulphid Ores are roasted 
and as completely oxidized as possible and, with oxidized 
products of previous operations, reduced by carbon in low 
blast-furnaces (20 to 26 feet higli). Sulphates formed in roast- 
ing should be decomposed by silica in accordance with the 
reaction expressed by the formula 

PbSO,+ Si02= PbSiOaH- SO 2 + 0. 

The silicate of lead in turn is decomposed by lime: 


PbSiOg + CaO- CaSiOg + PbO. 

When copper is present part of'^o lead sulphid should be 
employed for the formation of copper sulphid: 
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Zinc is converted by roasting into zinc sulphate and removed 
from the roasted ore by leaching. Lead ores containing silver 
and zinc in various proportions are: 1, roasted at a low tem- 
perature, converting zinc sulplnd into zinc sulphate; 2, leached 
(With water and sulphuric acid for dissolution of the zinc sul" 
pjbate and treated with sulphur dioxid and air for conversion 
any free zinc oxid into sulphate; 3, the leached ore is 
0 melted, producing lead combined with silver; 4, the lead 
IS desilverized, resulting in the production of lead and silver; 
5, from the sulphate of zinc metallic zinc is recovered. 

Precipitation Process. — Part of a charge of lead sulphid is 
reduced into metallic lead by iron and part into a lead matte 
or double sulphid of lead and iron as shown by the following 
chemical equations: 

PbS+Fe-FeS + Pb, 

PbS+uFeS=PbS nFeS. 

The matte is roasted and oxidized, resulting in lead and 
iron oxids mainly, which are added to a new furnace charge. 
The iron is charged in the furnace in the form of oxidized ores, 
such as roasted pyrites, red and brown hematites, and reduced 
in the operation of smelting by the carbon present. 

Lead-reflnlng. — If lead is melted at a low heat any copper 
present will rise to the surface and is removed by skimming. 

Iron, nickel, cobalt, and zinc are oxidized by passing super- 
heated steam through the molten lead at a red heat. Anti- 
mony and arsenic may be separated by melting and oxidizing; 
antimonate and arsf'uate of lead are formed on the surface and 
are removed i)y skimming Silver and gold are concentrated 
by Pattison’s or Parker’s process and are separated from the 
lead by cupellation. From desilverized lead antimony can be 
removed by the steam-blast. 

Bismuth is separated by repeated smelting and oxidation, 
until oxids are obtained containing up to 30 per cent of bis- 
muth, which are then treated in the wet way. 

Electrolytic Refining of Lead. 

Keith Process.— The electrolyte is composed of a solution 
nf lead acetate or of lead chlorid. From the impure or work 
.i-x uoT'jvy— -x K.tbe anodes are cast into plates. 
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which are enclosed into bags of coarse muslin. The cathodes 
are made of thin metal plates The deposit obtained is in 
crystalline form and falls to the bottom of the vessel, which 
may be made of plate iron or of wood. 

Tomassi Process. — The electrolyte is a solution of a double 
acetate of lead and of potassium or of sodium. The anodes 
are cast from crude argentiferous lead; the cathodes are in 
the form of large disks of copper or of aluminium bronze and 
are about half immersed in the electrolyte, in which tliey slowly 
revolve, each being placed Ix^tween two anodes. The lead 
crystals formed are detached by scrapers. When in sufficient 
quantity they are collected, drained, washi'd, dried, and fused 
with a little charcoal. 

Uses. — Lead is manufactured into pipes, sheets, bullets, 
shot, and is used in numerous alloys — with tin in plumbers' 
and tinners’ solders, with aiftirnony in type metal, etc. It is 
employed as a solvent for gold and silver. Converted into 
carbonate of lead it constitutes a pigment of white color exten- 
sively used in painting. In a spongy condition, produced by 
electrolysis, it is used as electrodes for storage-liatteries. Heated 
and oxidized it is converted into red lead and litharge. Chemical 
and metallurgical vessels are lined with lead for various pur- 
poses. 

Bismuth. 

Reduction Process.— Oxid and sulphid ores and compounds 
are mixed with soda, limestone, slags from previous opera- 
tions, and charcoal, and are smelted in a crucible. 

Basic bismuth salts as oxychlorid should be thoroughly 
mixed with caustic lime or stirred in milk of lime and dried. 
There should be soda enough to produce a very fluid slag 
The bismuth obtained is generally contaminated with lead, 
arsenic, antimony, and often with other metals, such as copper. 

Precipitation Process. — Sulphids and arsenical ores are fused 
fluxed by soda, limestone, and slags, with the addition of scrap 
iron. Copper combines with sulphur and with iron sulphid 
into a matte. Cobalt and nickel combine with arsenic to 
form a speiss. The bismuth obtained retains some lead and 
antimony and has to be refined. 

Wet Process. — Products containing bismuth from other 
metailuigical operations are crushed and treated with hydro* 
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chloric acid of moderate strength. The bismuth chlorid remains 
in solution, the lead being insoluble. By mixing the solution 
witli a great volume of hot water basic bismuth chlorid is pre- 
cipitated The precipitate after filtering is washed and the 
operation repeated; the final precipitate, after thoiough wash- 
ing, IS mixed with milk of lime, and after drying, melted in a 
crucible with the fluxes indicated in the reduction process. 

Refining. — The refining method is dependent on the pre- 
ponderance of any of the su))stances, forming tlie impurities 
of bisrnutli as lead, antimony, arsenic, etc. 

If more than a fraction of 1 jier cent of lead is present the 
crude metal is added to a melted mixture of potassium and 
sodium chi or ids and some caustic soda in an iron pot. A 
quantity of bismuth oxychlorid, corresponding to tlie lead to 
be removed, is then stirred in and the stirring continued from 
2 to 3 hours. When a test portion solidifies with a crystalline 
foliated structure, tlie fire is witlidrawn, an iron liook is inserted 
in the melted mass, wliich is left to cool and is withdrawn by 
means of the hook. The slag is dissolved and the lump of 
bismuth is then broken up. 

For the elimination of arsenic or antimony the bismuth 
is fused with soda and nitre If a large proportion of anti- 
mony should be present, then sodium sulpliid is midted with 
the bismuth. The temperature should lie kept as low as pos- 
sible and the charge should be thoroughly stirred. 

Uses. — For easily fusilile alloys and for hard alloys (bis- 
muth bronze); for pharmaceutical and cosmetic prepara- 
tions as subnitrate and oxychlorid of bismuth. 

Antimony, 

This metalloid, of a white metallic lustre, is crystalline and 
brittle. It is obtained from sulphid ores, stibnite, SbjSg, which 
are smelted direct, when from 50 to 90 per cent of pure ore 
composes the charge. Poorer ores are concentrated by liquation. 
The sulphid, with the addition of a mixture of carbon and 
sodium sulphate to which scrap iron is added, is melted in a 
crucible or in a reverberatory furnace. 

Boasting and Reduction Process. — Sulphid ores are Sub- 
mitted” to an oxidizing roasting, either at a low temperature 
with scant air-supply, producing a volatile antimonious o^dd, 
Sb^^, or at a higher temperature with excess of air, obtaining 
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an antimonions antimonate, SbOj. The roasted ore, with the 
addition of sodium sulphate, of slags from previous operations 
and if necessary of soda, is smelted in a furnace or crucible. 

* Electrolytic Reduction. 

Borcher Process. — Powdered antimony sulpliid ore is gradually 
sprinkled in a hot solution of sodium sulpliid lieated to boiling 
and agitated by steam, in a coideal iron vessel, with admission 
of air from time to time. After the solution has attained 
a concentration to 9° or 10° Baume, hot, 12° H , cold, it is left 
to settle and the clear solution is siplioni'd into a tank and 
3 per cent sodium chlorid added. 'Phe solution is then trans- 
ferred into an iron electrolytic tank liaving iron plates a£ 
cathodes electricall}^ connected with tlie tank and lead platcfi 
as anodes. Witli a concentratial solution tlie current strength 
may be 100 to l.W amiX'H'S per s(i. medre (O.Obl to 0.1 pel 
sq. inch), decreasing gradually to 40 or 45 amperes as the 
solution becomes weaker, the electrornotiNc force being a little 
less than 2 volt.s. The antimony accumulates at the botton 
of the tank, wliich acts as cathode. 

Refining. — Crude antimony from any of the processes men 
tinned may contain some impurities It is melted in a cru- 
cible or reverlieratory furnace, first witli liipiated antimony 
sulphid, removing iron and copper as sulphids; then witl 
potash or soda, with the addition of a small proportion of oxk 
or of sulphid of antimony 

Uses.— Antimony alloyed with lead produces type metal 
with tin and a small quantity of copper, anti-friction metal 
It is used in thermoelectric batteries. Some of its oxids an 
used as pigments. ^ 


Chromium. 

This metal is of a bright gray metallic lustre, is very ban 
and crystalline 

Reduction Process.— Chromite, FeOCraO.^, is calcined wit) 
potash or soda in the presence of air , The chromate of potasl 
or of soda and the iron oxid produced an' roasted with sulphu 
so as to produce sulphates which art dissolved The insolubl 
chromium oxid is washed and dried, and mixed with carboi 
is submitted to a white heat ib a plumbago crucible. A gra; 
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metallic powder is obtained which is a combination of chro- 
mium and carbon. 

Befinintr; Molssan Process.— Chromic oxid is reduced with 
carbon in an electric furnace, the hearth of which is lined with 
a calcium chromite prepared by heating together lime and 
chromic oxid. 

Uses. — Ferrochronic is employed in the iron industry and in 
the manufacture of chrome steel. Chrome salts are employed 
in chemistry and some oxids are used as pigments for painting. 

Molybdenum. 

This metal has a white metallic lustre and is very hard. 
The minerals constituting the ores of this metal are molybdenite, 
the sulphid MoSg, and wulfciiite the molybdate of lead, PbMoO^. 
The metal has been obtained by heating the trioxid MoOg in 
a current of hydrogen, or by reduction with electrically heated 
carbon. 

Uses. — The metal is so far of no spc^cial application, and 
has only been used experimentally in steel-making. 

Tungsten. 

This metal is of a grayish-white lustre and very hard. It 
is obtained allo3’ed with iron from wolfram, FeWO^, by melting 
with carbon, glass, and scrap-iron, in a plumbago crucible, 
at a very high heat. The pure metal is only obtained from 
trioxid, WOg, which is produced by calcining the ore with soda, 
dissolving this product in w'ater, separating the insoluble 
matter by filtration, crystallizing and recrystallizing the 
tungstate of soda, NagWO^, obtained for purification, and 
decomposing by treating with hot hydrochloric acid, producing 
a heavy yellow precipitate of tungsten trioxid. After being 
washed and dried the oxid, mixed with charcoal and rosin, 
is reduced in a clay crucible in a furnace. A gray metallic 
powder will result, which may be fused in an electric furnace. 

Uses. — Tungsten alloys are used in the steel industry. Mus- 
lin can be rendered uninflammable by tungstate of soda solution. 

Uranium. 

This metal is of a white metallic lustre and hard. It is 
obtained principally from uranite, pitch-blende, a urano- 
uranic 'oxid, U308 = U02*2U03, and has been reduced by elec- 
trically heated carbon. 

Uses.— Some oxide are used as pigments for staining glass. 
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Manganese. 

This metal is of a reddlsli-white metallic lustre, very hard 
and brittle. The ores from which the metal, or, more gen- 
erally, manganese alloys are extracted are pyrolusite, the 
binoxid MnO^; braunite, the oxid MujOgj hausmanite, the 
mangano-manganic oxid, manganite, the hydroxid, 

MnHOj) hauerite, the sulphid MnS 2 ; dialogite, or rhodochrositc, 
the carbonate MnCO,; rhodonite, tlie silicate MnSiOj; psilo- 
melane, the hydrated binoxid 2 (Mn() 2 )Il 2 (). 

Reduction. — Mix pure oxid and carbon and subject the 
mixture in a pluml)ago crucible to the liighcst lieat possible 
or reduce the mixture in an electric furnace. The metal may, 
however, contain some carbon and silicon. 

An alloy of iron and from 5 to 30 per cent of manganese 
and from 4 to 7.5 per cent of carbon is known under the name 
of spiegeleisen. 

FerroniaoKanese is a similar alloy containing from 30 to 
85 per cent of manganese. 

Uses.— Ferromanganese is now generally used in the manu- 
facture of Bessemer steel for deoxidation, desulphurization, 
and to some extent recarl )urati on. The peroxid is employed 
for the production of chlorin gas Numerous manganese com- 
pounds are of daily industrial and scientific employment. 

Iron. 

Iron is of a light bluish-gray metallic lustre, is tough, malle- 
able, and ductile, and is susceptible to be magnetized. 

The ores of industrial importance are: 

Specular iron ore, FcgOg,' limonitc, brown hematite, bog 
ore 2(FeA)3(H20); magnetite,. FcgO^; siderite, spathic iron 
ore. Fe(X) 3 , 

Most of the ores are directly reduced in blast furnaces by 
coke or charcoal mixed with a flux, mostly carbonate of lime^ 
for fluxing the foreign substances nearly always connected 
with the ores. Some ores are submitted to a preliminary 
calcinatioji or to mechanical concentration. From the blast 
furnace an impure iron known as pig iron is obtained, the 
impurities consisting of various proportions of carbon, silicon, 
sulphur, manganese, phosphorus, here and there, but generally 
seldom, copper, chromium, nickel, cobalt, etc 
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PuddllnK. — ^The melted cas^ iron covered with a layer oi 
liquid slag is kept under constant motion so as to expose con- 
stantly new parts to a current of hot air, thereby removing 
the greatest part of carbon and silicon and some of the sul- 
phur. The iron, winch loses its fluidity under this process^ 
is divided into balls, passed through squeezers, hammered 
into bars, and then rolled in the commercial shapes of wrought 
iron, 

Bessemer Process.—Steel for the production of rails or 
machine steel is manufactured by running a weighed quantity 
of melted and selected pig iron into a converter, where it 
is subjected to a blast of air under pressure. Tlie silicon is 
blown out and burnt into silica in the first stage of the 
process. Then the carbon is burnt out, producing an intense 
heat. The converter, which tunis on trunnions, is turned 
down, and its contents is poured into a ladle, into which, at 
the same time, a weighed quantity of ferromanganese, con- 
taining a known percentage of manganese and carbon, is 
thrown. 

The required recarlrurization may be obtained by the addi- 
tion of weighed melted pig iron of known contents of carbon, 
or by the introduction of the reejuired carbon by some other 
means. The metal is poured into ingot molds. 

The converter in this process is lined with a mixture of silicious 
stone and fire-clay, which is teclmically known as an acid 
lining. 

Basic or Thomas-Gllchrlst Process. — This process is identical 
with the Bessemer in apparatus and operation. The lining of 
the converter, however, is basic and consists of calcined dolo- 
mite, or of a mixture of burnt lime and magnesia. The slag 
formed in such converters, when a quantity of quicklime has 
been added to the charge, eliminates to a great extent the 
phosphorus contained in the iron. 

Open-hearth or Slemens-Martln Process. — This process may 
be either acid or basic according to the lining of the hearth 
of the reverberatory furnace, in which selected pig iron and 
malleable scrap-iron is melted, with the addition of pure iron 
ore. The latter, together with the air, contributes to the oxida- 
tion of*the silicon and carbon in the melted mass. The final 
deoxidation is scimetimes produced by a small quantity of 
aluminium or of ferromanganese, which at the same time 
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desulphurizes and recarburizes the metal to the required 
extent. 

In furnaces with basic lining, the roof is built with acid 
fire-brick and a passive joint of a few inches is interposed be- 
tween the two materials. Such a joint may co nsist of cliromc, 
or of about 40 per cent of chromium trioxid, 1.5 ]K‘r cent of 
protoxid of iron, and 8 per cent of silica or of carbon. 

An average analysis of good ba.sic lining is: Magnesia 30, lin e 
52, silica 8, alumina and oxid of iron 4. 

Chrome Steel. — The chromium in this steel varies between 
0.25 and 2 per cent. Very hard and of fine texture. 

Nickel-steel, — Contains generally from 2 to 4 per cent of 
nickel and 0.2 to 0 3 per cent of carbon Armor-plate employed 
in the French navy contains about 0.4 carbon, 0 2 nickel, 
1 per cent chromium. 

Aluminium Steel. — Aluminium is mostly employed as a 
deoxidizing agent Any excess of aluminium in steel reduces 
its welding property. 

Malleable Cast Iron. — Objects cast in white cast iron are 
packed in red hematite, Fe/lg, or in spathic ore, FeCO,,, and are 
kept at a red heat for stiveral days. After cooling, tlic objects 
are found to be malleable, the combined carbon having been 
partially oxidized and removed, and partially converted into 
graphitic carbon. 

Cementation and Case-hardening. — Wrought iron or finished 
objects of the iron are packed in powdered charcoal in boxes 
and kept at a red heat for from a day to a week or more, the 
time being dependent on the mass treated and on the depth 
of the cementation desired. 

In case-hardening for finished articles, calcined hoof-paring 
or old leather are sometimes added to the charcoal powder, 
providing very finely divided carbon. 

After exposure to the heat for a sufficient length of time, 
the articles are quenched in water, thereby hardening the 
superficial skin which then resists wear better than any other 
material which may be employed. 
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Electric Welding of Iron. 

Ellhu Thomson Process, — ^Tlie current of low electromotive 
force should he about 15 amperes per sq. mm., equivalent to 
about 10,000 amperes per sq inch of sectional area at the 
place of the bar to l)e joined by welding. 

iternurdo's Process. — ^Tho heating is effected by the arc be- 
tween tlie oljject treated, wdiich is made the positive pole, 
and a carbon tckI provided with an insulated handle, which 
acts as ni'gative pole. An arc, 0 inches long can be produced, 
usually the arc is about 2 or 2^ indies long; the current vary- 
ing lx)tween 200 and 5 amp(*res at 110 to 120 volts. In this 
manner flanges of pi|)e or of jilates } to | inch thick can be 
sufficiently heated to be welded together. By holding the 
arc upon one point., a hole can lie burnt in plate iron, and may 
be e.xtended in anv direction by the same means. 

Lagrange & Hoho Proce.ss. — A lead-lined tank of wood 
or of stoneware is filled with a solution in water of sulphuric 
acid, or of sodium or potjussiuni carbonate, or of borax, the 
lead lining serving as anode and the piece to be heated by 
plunging it in tlic Ihiuid as cathode. 

Burton’s Liquid Forge. — A rectangular tank of non-con- 
ducting material is divided by non-conducting, perforated par- 
titions into three unequal compartments. The smaller lon- 
gitudinal compartment receives a lead plate as large as pos- 
sible, serving as anode. In the small transverse compart- 
ment is put a movable plunger, filling nearly the whole space 
when fully depressed. This plunger serves as regulator for 
the height of the level of the electrolytic solution in the tank, 
wliicli consists in a solution of 1.05 density of common salt 
(sodium chlorid) in water for light work, or a solution of 2 per 
cent wasli soda and 0.3 per cent borax for heavier work. The 
object to lie heated, wliich forms the cathode, is placed on 
one or two non-conducting supports over the surface of the 
liquid, and the plungef is depres.sed until the liquid comes in 
contact witli the object to b^‘ heated. The current of about 
26 amperes and 220 volts for bars 1 sq, inch is turned on; the 
heating is produced partly by the current and partly by the 
ignited hydrogen evolved. 
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Zerener’s Heating Method. — An electric arc is formed between 
two carbon electrodes, inclined or forming an angle with each 
other. The arc is deflected downward by Ix'ing placed l^etween 
two poles of an electromagnet and is employed for heating the 
object to be treated. 

Such an arc, which is similar to a blowpipe flame, has been 
used to braze bicycle tubes with a current of 40 to 00 amperes 
and 40 volts. Iron plates about \ ino!i thick may require 
100 to 200 amperes by 70 volts for welding 

Uses. — The uses of iron in the form of cast iron, wrought 
iron, or steel arc so univensal, so manifold, and so well known 
that no special mention of them need be made here. 

Nickel. 

Nickel has a very light 3 ''ellowish-gray brilliant metallic 
lustre, it is tough, malleable, and magnetizable. 

The suli)hid ores, like luillcrite, NiS, and pentlanditc, NiFeSj, 
are submitted to a number of roastings and meltings, pro- 
ducing mattes increasing gradually in the contents of nickel. 

The foreign substances are gradually removed in the slag 
reS(Ulting from the employment of proper fluxes Arsenites, 
like niccolite, are similarly converted into speisses, successively 
enriched in its nickel contents. 

Silicates, like garnieritc, NiSiOj and gentlutc, NiSiOj-f 
are mixed with sulpliid ores and proper fluxes, and are con- 
verted by smelting into mattes. 

The CRidc nickel, like iron, is submitted to puddling or to 
the Bessemer or open-hearth process. For final deoxidation 
an addition of a small quantity of magnesium has been found 
to give the most satisfactory Results. 

It is said that nickel ores (oxids), as anode in a suitable elec- 
trolyte with a great current density, have been treated in Canada 
in the Burton electric forge. 

With ores containing cobalt, the roasting and smelting ig 
followed by solution in acid from which copper, lead, and other 
metals are precipitated as sulphids by treatment with hydrogen 
gulphid The filtered solution, after being neutralized, is 
treated with chlorid of lime, precipitating first iron as ferric 
hydroxid and then cobalt as peroxid. The nickel as nickelous 
bydroxid is precipitated from the solution after filtration. 
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Mckel-carbonyl Process. — When over recently reduced metallic 
nickel a flow of carbonic oxid at less than 150° C. is con- 
ducted, a compound of nickel and carbonic oxid is formed, 
of the formula Ni(CO)^. This compound condenses to a liquid 
at or ])elow 43° (’ and is designated by the name of nickel- 
carbonyl. The vapors of this substance arc decomposed at 
180° C into nickel and carbon monoxid. Iron is the only metal 
known which can produce an analogous compound . 

Nickel ore, thorougljly oxidized by roasting, is heated to 
400° C. in a current of water-gas (gas ol)taincd by decom- 
position of steam in a gas-producer), which reduces the oxid 
to tile metallic state. Tlie ore is then conducted tlirough air- 
tight flues into a vertical drum containing carbonic oxid, where 
it falls over a number of shelves to the bottom, the tempera- 
ture in the drum being at not above 80° (h The vapors of 
nickel carbonyl so fonned are conducted into pipeef, heated 
to 180° C., in whicli tlie metallic nickel is deposited on the 
walls and the liberated carbonic oxid is returned to the com- 
bining drum by a fan From the liottom of the drum the 
ore is conducted to the reducing apparatus and, with a new por- 
tion of metallic nickel produced, is subjected to a repetition 
of the operations dcscrilied. 

rses.—Pure nickel is used in plating and for numerous 
utensils Parts of light machinery and ornamental parts 
of household utensils are generally nickel-plated An alloy 
with copjier and other metals is us(;d for coins and for Ger- 
man silver. It is used alloyed with steel in armor-plate 

Cobalt. 

Cobalt has a light steel-gray metallic lustre, has little malle- 
ability, The metallurgy of its ores is substantially the same 
as that of nickel ores with which it is nearly always associated. 

Uses.— With the exception of some beautiful blue coloring- 
matters, cobalt is hardly used industrially 

Platinum. 

This metal is of a grayish-white metallic lusfre, is tough 
and vfcry malleable and ductile. 

The metal is nearly alwa>s found native, sometimes alloyed 
with other metals, principally iridium. It is dissolved in 
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Jtrong aqua-regia, the solution is treated with an excess of 
lydrochlorate of ammonia, thereby forming a light yellow pre- 
jipitate of the double chlorid of ammonia and platinum. By 
jalcining this precipitate, elevating the temperature gradu- 
illy to a red heat, the metal is obtained as a gray porous mass, 
«rhich is purified from traces of iridium by redissohing in 
aqua regia, repeating the precipitation and calcination. Iridium 
remains iindissolved in dilute acid. The finally obtainc d 
spongy mass of platinum is compacted by pressure and ham- 
mering and wrought into the desired shape by welding. 

Uses. — It is mainly used for ax>paratus in the chemical indus- 
tries and in laboratories, for electrodes in batteries and in 
electrometallurgical apparatus, in incandescent lamps as con- 
necting wires, and in blowpipe analysis as wire, foil, and cruci- 
ble, and for a great variety of other scientific applications. 



Reference No. 
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METALS. 

Discovery and 

(Abbreviations W.H.“ white heat; E. evaporates; 


Name of Metal 


Cxmdrnon Qravily, 


1 Aluminium Woehler . . . 

2 Antimony 

3 Arsenic 

4 Barium 

5 Bismuth 

6 Cadmium 

7 Calcium 

8 Cobalt Brandt. . . . 

» Chromium Vauquelin.. 

Id Copper 

H Glucinium Woehler... 

12 Gold 

13 Iridium Descotils. .. 

1 4 1 ron 


1 5 Lead 

Id Lithium 

17 Magnesium Buasy 

18 Manganese Gabn, Scheele. 

19 Mercury 

20 Molybdenum 

21 Nickel Cronstedt 


22 Palladium Wollaston .... 

23 Platinum Wo(^ 

24 Potassium Davy 

25 Silver 

20 Sodium 

27 Tin 

^ Tellurium Klaproth. . . . 

p Tungsten D’EIhuyart. . . 

30 Uranium Peligot 

31 Zinc 
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Physical Properties 

R.- refractory; F “Fahrenheit; C. = Centigrade ) 


Linear 

Expansion 

from 

onoioo^c 

320 

2120 F 

Melting point, 
Degree 

Specific 
Heat, 
Watei at 

Conductibility, 
Silver^ 100 

F. 

C. 

Heat 

lOlec 

tricity 

0.00206 

1160 

630 

0.2185 

38.4 

54 2 

0.00108 

842 

450 

0 0508 


4 


E. 

E. 

0 0814 




. . . .490. . . 

....254. . 

. . .0.0308 

...1.8.. 

...1.2 


608 

320 

0.0.567 





W.H. 

■ 0.10696 



. .0.001718. . 

. ..1890. .. 

. ..1032. 

. . 0 . 0925 

. 73 5. 

. .99 9. 

0.001415 

1863 

1017 

0 03244 

98 

78 

0.000641 


It. 

0.1837 




4090 

2200 

0.1138 

12 

16.8 

0.001220 






. ,0.002857. . 

....630... 

. . ..332.. . 

. . .0.0314.. . 

. ..8.5.. 

. . .8.9. 


356 

180 






433 

0.2499 


41.2 



W.H. 

0 1217 1 



0.00018 

-38 

-39.8 

0.03332 

5. .33 

1.6.3 



.11 




0.00125 


W.H. 

0.1086 


13.1 

0.001 


W.H 

0 0593 

6.3 

18.4 

0.000884 

3195 

19.57 

0.0335 


10.6 


112 

62 5 ! 

0.1695 



..0.0019.... 

...1840... 

..1023 .. 

...»' 0.57 

.100.... 

.100. . 


205 

97 

0.2934 




442 

2‘?8 

0.5695 

14.5 

15.45 


625 

324 




1 


R 1 

, 0.0.3636 



1 


It 1 




0.002042 

779 

4.5 

0.0955 

1 




- 1 Reference No. 
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34. PRECIOUS STONES. 

Approximate Order of Valuation of Precious Stones t 1. Pearl; 
2. Ruby; 3. Diamond; 4. Emerald, sapphire, oriental cat’s- 
eye, precious opal; 5. Alexandrite, jacinth, oriental onyx, 
peridot, topaz^, zircon. 

Defects In Precious Stones. — 1 Feathers: little rents or. 
fissures in the inside; 2. Clouds: gray, brown, or white spots 
resembling clouds; 3. Sands: small bodies like seeds or grains 
of sand of white, browm, or red color; 4. Dust: fine sand dis- 
seminated in very fine particles in a stone. 

DIAMOND FIELDS. 

South Africa. — An approximate circular area, surrounded 
by horizontal shales with upturned margins around the area, 
constitute the site of each diamond mine. The surface was 
originally covered by a reddi.sh, sandy soil, covering a calcare- 
ous tufa or light deposit of carbonate of lime, to the under 
surface of which diamonds were occasionally found to be 
adherent. This was followed by an altered volcanic rock, much 
broken up in places, and decomposed and oxidized on its upper 
surface into what was denominated “ yellow earth.” The blue 
rock known as “ blue ground ” below carried the greatest 
part of the diamonds, and is considered by some scientific men 
as its matrix. Under this rock as a base is a soft mineral of 
green or bluish color and soapy to the touch. The diamond- 
bearing rock contains, in addition to diamonds, altered frag- 
ments of shale and various minerals, as: Pyrope (chrome 
garnet), diopside of bright-green color, chromite, enstatite, 
mica, vaalite, zircon, cyanite, magnetite, titaniferous iron ore, 
barytes, hornblende. 

The reddish, sandy soil of the surrounding country is under- 
laid with a decomposed basaltic rock resting on a layer of car- 
bonaceous shale of about 200 to 250 ft. thickness, and under 
it a bed of conglomerate on an amygdoidal old lava flow of 
about 400 ft. thickness, below which is quart-zitc of unknown 
thickness. These rocks are here and there penetrated almost 
verticdly by igneous dykes. 

The four mines, DeBeer’s, DuToit's Pan, Kimberley, and 
Bultfontein, are the principal mines. The aggregate yield 
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diamonds during the year ending March 31, 1890, was 1,608,830 
carats, realizing the sum of $2,641,557. 

Every load of blue ground of about 1600 lbs yields on an 
average ; 

From the Kiml)erlcy Mine IJ to 1^ carats; from DeBeeFs 
Mine to 1| carats; from DuToit’s Pan mine J to J carat; 
from the Bultfontein mine 3 to ^ carat. 

Rare Diamonds. 

A diamond of 83 J carats rough, 46| carats cut, obtained 
from a Kaffir medicine man by Van Niekirk, was sold by the 
latter for $50,000. A stone of 112 carats rough, 06 cut into a 
brilliant, has been acquired by the King of Siam. 

A stone of 1 24 carats was found at DuToit’s Pan. July 21 , 1871. 

A stone 2S8f carats rough was found in 1872 by a Mr. An- 
toine on the Vaal Kiver, on a claim originally owned by a 
Mr. F. Pepper, who sold the claim for $150 to a Mr. Spalding, 
and the latter turned if over to Antoine to work it on shares. 

A 2091 carat stone, it is said, was purchased by an illicit 
diamond buyer for $75 Irom a Kaffir 

On February 12, 1<S80, on a claim at Kimberley, a stone 
of 150 carats was found with a faint tinge of blue It was 
valued at $1,000,000. 

The largest stone, of 428^ carats rough, was exhibited in 
1889 in Paris, 'where it was cut to a brilliant of 2‘i8i carats. 

About 20% of the Cape diamonds are of first quMlity, 15% 
of second, 20% of third. The remaining 45% is considered 
to be “bort.” 

BraiZil. — At Dlamantlna, formerly Tejuco, province of Minas- 
Geraes, diamonds were origjnally discovered. They are also 
found near Grao Mogol, province of Minas-Geraes, and at the 
Chapada Diamantina in Bahia. 

The washings arc performed on old river gravels or on gravels 
taken from the bed of rivers. 

Anatase, rutile, brookite, specular iron, topaz, tourmaline, 
and gold are found associated with the diamonds in the gravel. 

At Sao Joao da Qhapada, twelve milt^ west of Diamantina, 
the diamonds occur in clay, called “ barro.” 

On the Corrego dos Bols near Grao Mogol they are found 
in conglomerate rock, called pigeqns’ eggs. 
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In Bahia are also found the black, gray, or brown carbons, 
known as carbonado, used for diamond drills. 

Up to 1850, the province of Minas-Geraeshad yielded 5,844,000 
carats of diamonds, valued at $45,000,000. To tliis must be 
added the contraband trade estimated at $10,000,000, bringing 
the value up to $55,000,000. For all Brazil to 1850, 10,000,000 
carats. 

It is estimated that in 10,000 diamonds collected from the 
washings rarely one of 20 carats is found, while 8,000 of 1 carat 
and less may occur. 

In 1851 a stone of 120i carats was found at the source of 
the Patrocinlio River, Minas-Geraes. Somewhat later a stone' 
of 107 carats was discovered on the Rio-das-Velhas, and in 
Chapada one of 87^ carats. The “Star of the South,” of 
254J carats, was found in 1853 at Bogagan, Minas-Geraes. 

From 18()1 to 18(>7 the estimated value of the Brazilian 
diamonds was about $9,440,000. 

India. — Diamonds are found in superficial deposits of dis- 
integrated rocks; at the Panna and Banaganpilly mines in 
conglomerate of detritus and pebbles. 

On the river Pennar near Cuddapah the surface is covered 
with a mixture of sand, grit, or loam 1^ feet thick, under- 
laid by 4 feet of tougli blue or black muddy earth free of stones, 
and under this the diamond bed, 2 to 2| feet thick, with numer- 
ous large romid stones embedded in it, consisting of pebbles 
and grit cemented by loam. 

The Hindoos classify diamonds as follows: 

1. Brahma clear, of pure water. 

2. Chedra clear, honey-colored. 

3. Vyesa, cream-colored. 

4. Sudra, grayisti white. 

At the west side of the Nalla-Malla hills as far as the 
town of Randial, the beds of the diamond mines are 
only about 1 foot thick, the over and underlying beds being 
pebbly. 

At Banaganpilly, five hours’ journey west of Randial, the 
diamond layer of the mines is, according to Dr. King, Director 
of the Geological Survey, a clayey conglomerate with pebbles, 
shales, quartz, and chert fragments. 

The “ Great Mogul,” according to Tavernier, was, rough, of 
787i carats and was reduced by cutting to 279ft carats. 
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Borneo. — The diamonds are found in the sands of rivers, 
in beds of clay, sand, and gravel. In the same rivers gold, 
and sometimes platinum, is found. 

Australia. — In New South Wales, on the Cudgegong River, 
nineteen miles northwest of Mudgee, diamonds are found in 
gold-bearing drift, in most places covered by a basaltic cap. 
In the gravel are found quartz pebbles and boulders, rock 
crystal, jasper, agate, tinstone, coarse sand, and clay, and 
here and there after diligent search, ruby, sapphire, topaz, 
zircon, garnet, spinel, pleonastc, etc. Most of the diamonds, 
however, are small, the largest being only 5^ carats rough 
and 3xV carats brilliant cut. 

Near l^ingera, 400 miles north of Sydney, on the river Hor- 
ton, diamonds occur in an old river drift which in some places 
is compacted into conglomerate. The stones are small, from 

to ll carats. 

In the tin-mining districts near Iverell, and in the drifts 
of Vegetable Creek in New England district, also near the 
junction of (>)pe’s Creek with the Owydir, numbers of small 
diamonds have been found, the largest of which may have 
been between 2 and 3 carats. 

COLORED DIAMONDS. 

Colored diamonds rank in value as follows; 1. Red; 2. Green; 
3. Blue. 

There are many rose-colored diamonds, but bright-red or 
ruby-red ones are extremely rare. One of 1 carat, known as 
the Halphen red diamond, bought by a jeweler of London and 
sold by him to a connoisseur, is almost the only specimen known 
to jewelers. It is said that a fine red diamond was found in 
Borneo and sold for a large sum in Paris. 

A green diamond, thrown out of a parcel of emeralds, was 
bought for a trifle in Vienna by an Englishman, sold to a 
London jeweler for $1,000, resold by him a few years after- 
ward for $1,500, and again sold by another London jeweler for 
$3,000 to an American. Afterward $5,000 offered for it was 
refused. \ 

In Dresden in the Gruene Gewolbe is a faded green diamond 
of 48^ carats valued at $150,000. 

Bluish diamonds are not uncommon, but they are often 
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not quite transparent, and these are, therefore, considered as 
inferior stones 

Until lately the only deep-blue stones were found iti the Indian 
mines. The blue stone said to liavc been bought by Tavernier 
in lG42weiglied in the rough 112J carats It was sold to Louis 
XIV. in and is supposed to have been cut into a faceted 
diirnond of triangular shape weighirig 67^ carats. A stone of 
tliis kind was deposited in 1792 with the n‘st of the French 
regalia in the Garde Meuble and disappeared. In 1830 a 
stone of the same color appeared under the name of "Hope 
Diamond ” cut into a brilliant of 41^ carats. A stone of the 
identical same color of about 0 to 7 carats was sold in Geneva 
at the sale of the jewels of the Duke of Dnms\\’ick in 1874, 
and a third stone of the same color of 1 carat was bought by 
a London jeweler in Paris for $1 ,r)00 

These three stones are supposed to have originally been 
part of the blue diamond missing from the French regalia 
deposited in the Garde Meuble in 1702. 

Bori or bocrl is the name given to diamonds of inferior quality 
imperfectly crystallizaxl and useless for ornamental purposes. 
Such diamonds, usually of a grayish-white color and sliowing 
a radiated structure on fracture, are cnished and used in the 
form of powder as abrading material l)y the lapidary for grind- 
ing and polishing precious stones. 

Carbonado, carbonate, or carbon arc names given to dark- 
gray or even black diamonds of sujx)rior hardness which are 
used principally for diamond -drilling tools. 


ROUGH DIAMONDS. 

Classification and Names in the Market of London. 


White clear cry^stals 
Bright black cleavage 
Cape white 
Light bywater 
Large white cleavage 
Picked mel6e 
Common and ordinary 
Melfe f 

Bultfontein mcl^c 
Large white chips 
Mackle, or made 


Bright brown 

Deep brown 

Bort 

Yellows 

Large yellows 

Large bywaters 

River stones, fine quality 

Jagersfontein stones 

Splints 

Emden 

Fine fancy stones 
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RUBY. 

Ruby, sapphire, oriental amelliyst, oriental topaz, conmdum, 
and emery are eliemically tlic same substance, known as alumina, 
an o\id of aluminium, the ebeinical formula (»f which, AbO^, 
indicates its composition by weijrlit to lx*: aluminium, 54 parts; 
oxygen, 48 parts; or A1 52.94 and () 47 0() per cent 

Crystallized alumina when colored a more or less brilliant 
red is ruby; wlu'ii blue, sa[>phirc; when violet, oriental ame- 
thyst; when yellow, oriental toj)az; when pure, colorless, and 
transparent, corundum. 

The ruby ranks in price above all other stones. A perfect 
ruby of five carats will command a price ten tinujs that of a 
diamond of the sanie size Such a ruby ol ten carats or more 
is considfired to be ahiUKst' invaluable. 

Ruby Fields.— Th(‘ localita's yieldin.s: rubies of commercial 
value are for the pn'scmt limited to Burma, Siam, and Ceylon. 

Burma. Mining for rubies is carried on in tlui yalleys, on 
the hillsides, and in caverns. 

The valleys appt'ar to be beds of formt'r lakes gradually 
filled up by d<d.ritus from the surrounding mountains Below 
a flat alluvial soil of 15 to 20 feet thickness is the ruby-l)earing 
clay 4 to 5 feet thick, but occasionally thinning out to a few 
inches only. This is generally underlaid by a stratum of soft 
atone, called by the miners “rotten stone” The mining is 
done by digging pits of 9 or fi feet square lined with l)amboo8 
held in place by struts The clay extracted is washed in 
wooden troughs, about 5 feet in length, roughly closed at the 
lower end bv stones. 

On the hillsides the tbp soil, generalh' a marlly clay, is 
removed by washing The rub\ -bearing clav, often 15 or 20 
feet thick, of yellowish-browm color, being v('ry stiff, is under- 
cut, broken off, and tlaui shoveh'd on a prepared area under a 
stream of winter for washing In this clay are intermixed 
sand, gravel, boulders of rock quartz, h'ldspar grains of various 
colors, rubies, sfipphires, spinels, tourmalines, graphite, mica 
flakes, and other minerals * 

In outcroppings of the calc-spar, forming the base of the moun- 
tains, or in workings on the hillsides, caverns or caves are 
often found in some places solidly filled with the ruby-bearing 
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cla}'. The ramifications of thase caves may extend for miles. 
In places the clay is covered by stalactitic fojmations in large, 
apparently empty rooms, the walls of which glisten with calcite 
crystals. 

Rare Rubies and Compensation to Finders.— Ona Monk, 
an itinerant peddler in Burmah, received in exchange for a rupee's 
worth of his goods a rod stone from the wife of a man who 
had found it in his rice-field He recognized it as a niby and 
broke it in two, sending one part to the king Mindoon Min. 
The other part was sent for sale to Calcutta. The king, who, 
in accordance witli law and custom, should have received the 
whole stone, noticed the deception and ordered Gna Monk 
and his whole village to l)e tortured. He later heard that the 
other part of the stone was in Calcutta, and had it purchased at 
an enormous price. After being cut in Burmah, one of the two 
portions, weighing 98 carats, was named Gna Monk, the other 
part, of 74 carats, became known under the name of Kallah- 
pyan, meaning returned from India. 

A stone of 400 carats was sold for 3000 rupees by the wife of a 
man who found it while working on a road leading to Momeit. 
The purchaser broke the stone in three parts. One part, after 
being cut in Calcutta, weighed 70 carats and was sold in England. 
The second part when cut weighed 45 carats and was purchased 
in Mandalay. The third part was sold in Calcutta for 70,000 
rupees. 

The stone, which is said to be the finest ever seen, weighing 
in the rough 44 carats and when cut 20 carats, and named 
Gnaga Boh (The Dragon Lord) was found at Bawbadan and 
given to King Tharawadis, and is supposed to have passed 
into the possession of Theebaw. 

A fine stone of 100 carats in the rough was found on Pingtoung 
Hill and was presented by Co-dwa-gee to Theebaw soon after 
he became king. 

A rich-colored stone of 37 carats, cushion shape, and an- 
other stone, 47 carats, of blunt drop shape, were brought to 
Europe in 1875. Thov were recut in London, so that the 
37-carat stone was reduced to carats and the 47 to 
38A carats, and were so much improved that thev were con- 
sidered the finest stones in color yet seen The smaller stone 
was sold for $50,000, the larger for $100,000. Two such 
rubies have never been seen at the same time ip Europe, and 
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there is no royal regalia in Europe which can display the like 
of them. 

In the Russian regalia is a ruby the size of a pigeon’s egg, 
which was presented to the Empress Catherine by Gustavus III. 
of Sweden on a visit to St Petersburg in 1777. 

A ruby the size and form of iialf an egg cut en cahochon is 
mentioned with great admiration by Chardin, It has the 
name Thelk Lephy engraved on the end. 

Two engraved rubies, one with the head of Jupiter-Scrapis, 
the other witli a full-length figure of Minerva-Poliada, w^re 
in the Exhibition of 1851 from tlie Hope collection. 

Siam Rubies. — The ruby mines are in two principal groups, 
those of Bo Navong and of Bo Chaniia. At Bo Navong, 
province of Kvat, the surface' of the mining district of about 
two square miles consists of a.coarse yellow or brown sand rest- 
ing on a bed of clay. In the sand in a layer of 6 to 10 inches 
above the clay the nibies are found. The mines are holes of 
from 2 to 4 feet in depth. 

At Bo Channa tlie ruby-bearing layer is from 6 to 24 inches 
thick. Some of the pits are 20 feet deep. 

Ceylon Rubies. — The rubies are found in detritus in tl^e 
Valleys and in the sands of rivers in the neighborhood of Ratna- 
pura and Rakwena. The stones arc generally of very pale 
color and of littl(3 value as gems. 

The Indian cuts the stone for weight, while the European 
cuts it for effect and beautv. The part of a cut stone above 
the girdle should be one third, while the back should be two 
thirds, of the whole thickness in order to produce the best effects 

THE SAPPHIRE. 

Under the term sapphire are included corundums of any 
color or tint except red, but more especially those of a blue 
color similar to that of the com-flow^er The red corundums, 
as we have seen, are known under the name of rubies. There 
are green, jellow, gray, and even colorless sapphir^, the latter 
being liable to be mistaken when skillfully cut for diamonds 

The sapphire-yielding localities now worked are Siam. Burmah, 
Cashmere, and Ceylon Those from Siam are considered the 
finest. Those from Burma are too dark. Cashmere’ has fur- 
nished some fine stones, but a gre^at many are grayish blue, 
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and the stones from Ceylon are too light colored to be of great 
value. Stones from Montana luive greenish and other tints. 

The imperfections of tJie sappliire consist in clouds, in 
variously colored and milky half-o])a<iuc .sj)ots, in wliite glassy 
strips, ill rents, knots, silky flakes, A sapphire of a purple 
tint will sliow tlie “silky” defect and tlie stone of greenish 
color will have tlie “milky flaw” in most cases. 

Siam Sapphires. — ^These stones are principally mined in 
the province of Battambong, and associated witli rubies in 
Chantaboon and Krat. 

The Bo Pie Kin mines in Battambong furnish about five 
eighths of the sapphires. The stones are of an unrivalled 
velvety-blue color, generally riclier in the large than in the 
smaller stones. In the Phelin \ alley the sapplhre-bearing 
layer is clay, mi.ved with but a few gra\ei stones, about 2 feet 
under the surface. 

The gem-bearing country of Siam comprises an area of about 
100 square miles, the port of (’hantaboon being the trade 
centre. 

A company organized in 1890, w’ho work tlie mines system- 
atically, consigned 30,000 carats to London in 1892. 

Burmah Sapphires.— They are found associated with njbies 
and are generally of a dark color. 

Cashmere. — landslide having laid bare tlu' rock, sapphires 
were discovered about tlie year 1880 in the neighborliood of 
Padar. Tlie sapphires were found in granitic detritus, high 
up in the mountains in the sides ot a valley. 

Ceylon. — The stones arc found in river-beds or in beds of 
gravel 0 to 20 feet below the surface. Some of the sapphires 
are white, some yellow, and others are party-colored; tlie blue 
ones are often of pale color, 

Montana, U. S. —Sapphires are found in old n\er terraces, 
mostly near the bed-rock along the Missouri Kiver for a dis- 
tance of about 15 miles. These old river terraces are covered 
with alluvial deposits of sand and gravel from a few^ inches 
to 20 feet 'thick. The stones are greenish, blue, and red of 
various shades, /• 

Sapphires are found in many parts of Australia, in Borneo, 
Madagascar, in the Tral Mountains, and in many parts of 
Europe. The European sapphires, however, are of no com- 
mercial value except for scientific purposes. 
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Star Stones. — Rubies or sapphires which display, wheu 
cut en cahochon, a starlike reflection are known under the 
name of star stones. Their value is determined by (juality 
and color. 

Spinel and Balas Rubies. — Spinels occur in a great variety 
of colors as caiinine-red, rose-red, reddish brown, orange-green 
blue, purple, })uee, \ iolel, and Iutc* and tliere wliite and yellow., 
lliere are sl-ones wliieli are opa<iue, dark-colored, and even 
black, but tliese are not used as ornamental stones. 

The main ix-culiarity of (be sjaiud consists in tlie plienomenon 
of the pale-yellow color of the light reflecb'd from the depth 
of the stone, whatever its color may be. 

Spinel is found along w’ith ruby in Burrnah, Ceylon, and Siam, 
in the ruby ('arth and imbedded in calc-spar, often in fine 
octahcHlral crystals; in Afghanistan in micaceous crvstalline 
limestone; in Tartary in the famous mines of Balas Ruby at 
Badakslum and rsbekistan; in A’ictoria in the Ovens River; 
in New South Wales in auriferous dei)osits on the Cudgegong, 
Peel, Mac(juarie, Severn, and other rivers. Some have been 
found, of no value, however, to the j(>weler, in Bohemia, Tran- 
sylvania, and in Sweden. 

Balas or Balais ruby is a pale or ros(‘-red sjunel with a blue 
tinge at the angles of the octahedron. 

Pleonaste, an opaque Iflack variety, is not used as a gem. 

The spinel is a compound of alumina and magnesia of the 
cliemical lormula MgOAy> 3 ; alumina, 71.120; magnesia, 
28.871 i>er cent. 

Emerald. — The crystalline form of the emerald is a six- 
sided or hexagonal prism without striations. The color is 
bright green, sometimes grass-green or greenish white, which 
is resolved tyv the use of the dichroLscope into yellowish green 
and bluish grei-ii The coloring is supposed to be diie to o.xid 
of ciiromium, which enters into its constitution. 

The emerald, the beryl, and the aquamarine are chemically 
substantially the same mineral, and their main characteristics, 
are in color and other qualifications important to* the jeweler. 

Emeralds are found on the Asiatic si(Je of the Ural Mountains- 
and very fine stones are found in the mica schist at Stretnisk, 
on the river Takowja, north of Ekaterinburg. 

They occur in the mountains of the Sahara in mica schist; 
in the bed of the river Harracli; in^ Algeria in lamellated lime 
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stone; in the Heubachthal, in Salzburg, in mica schist; at 
Suanim, Norway. 

The most important miries of this mineral are in the Republic 
of Colombia, about 75 miles N.N W. of Santa E 6 de Bogota at 
Muzo Discovered in 1.5.55, the mines arc now worked by a 
com[)any wlio ])ay .‘524,000 annually as rent to llic government. 

The matrix of the emer.ald at the Muzo mines is a bituminous 
lira'^stone rich in carbon, resting on red sandstone and clay 
slate. The emeralds are found in pockets, and the mining is 
therefore very precarious. 

In accordance with tlie chemical forrmJa of tlie emerald, 
8 (GlO).Cr().Al 2 ()/)(Si() 2 ), its composition in [ler cent is: 


Cdiicina 13.51 

Alumina 18.01 

Clirornic oxid 12,25 

Silica 50,22 


99.99 


Aquamarine or Beryl. — Occurs in various parts of the 
world in granite mountains, in micaceous clay, etc. They 
are distinguished according to shade and color: In aquamarine, 
light sky blue; Siberian aquamarine, faint light greenish-blue; 
aquamarine chrysolite, greenish yellow or yellowisli green; and 
in fferyl, light yellow of different shades Composition: Silica, 
67; alumina, 19; glucina, 14; hardness, 7.5; specific gravity, 
2 7. Hexagonal. 

In a collection, exhibited for some years in the Kensington 
Museum, was one of the fine.st stones of 3^ ozs weight, said 
to have l)elonged to Prince Murat. It is a sword-hilt, l)eautiful 
and perfectly pure in color, and a uniqiie specimen of the 
lapidaries' art. An aquamarine, with an engraving of a female 
holding a bagpipe, light draj^ery floating around the upper 
part of the body, is in the same collection. 

An aquamarine 2^^ by 2| inches adorned the tiara of Pope 
Julius II. 

Phenakite. — This r/ineral is found in mica schist and 
graphite in the Urals, in Siberia, and at Pike's Peak, in 
Colorado. 

Clear, transparent, and colorless specimens are occasionally 
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used as gems, and when skillfully cut have great brilliancy, 
resembling somewhat the diamond. It is remaikal)le for the 
large amount of glucina it contains. 

Composition: silica, 54.2; glucina, 45.8; hardness, 7.5-8; 
specific gravity, .3; Ortliorhombic. 

Zircon, Jargoan, or Hyacinth.- -Tlie jargoans are the dull 
colored smoky varieties of which tlio finest have yellow, brown, 
and green tints wliile tlic hyacinths or jacinths are transparent, 
of a bright red and brown color. 

Zircon is found itj a great many localities, but only a few 
furnish stones tliat can be used as gems. The b(‘st stones 
are from Cananore, Calicut and Canibia. Some fine ones have 
been obtained from New South Wales ami Ceylon, 

A zircon of 2 by 1 } inches of unsurx)ass(‘d workmanship, with 
Moses and tlie two tables of the law engraved on it, is at the 
Museum of Paris. 

Composition: silica, 34; zirconia, 06; hardness, 7.5; sjxicific 
gravity, 4-4 86. Tetragon.al, 

Chrysoberyl. — There arc tlireo varieties of tliis mineral: 
the chrysoberyl, the true oriental catWye or cymoplione, and 
the alexandrite. Color, light green, brownish yellow, dark 
yellow-brown, brownish red. 

It is found in the same formation as topaz and corundum; 
in Ceylon in the river sands; in Burmah and Bonieo among 
pebbles; in Brazil in the diamond sands. In Connecticut, U. S., 
it has been found in well formed tal)les and prisms, and in 
New York State at Saratoga and Greenfield in regular twin 
crystals. When transparent it is strongly double refractory, 
Its composition is alumina, 78; glucina, 18; ferrous oxid, 4. 

The True Oriental Cat’s-eye.— The tnie oriental cat’s- 
eye is a rare variety of chrysoberyl, and is characterized, when 
well polished, by a peculiar ray of light or line of light shining 
with a phosphorescent lustre. Its colors vary from pale straw 
through all shades of brown and from pale apple-green to the 
deepest olive green and in some specimens almost to black. 
The reflected line of light is nearly always white, whatever 
the ground-color of the stone may be. jIn some specimens it 
has a golden hue, which is specially vivid in sunlight or gas- 
light. 

The gleaming streak should cross the middle of the stone 
and move as the stone is moved. 
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The chrysoberyl cat’s-ej^e is principally found with other 
gems in Ceylon. 

Its composition, according to its chemical formula, GlOAljOg, 
is glucina, 20; alumina, SO per cent; a trace ot oxid of iron 
as coloring matter. 

In addition to the true oriental cat's-cyo, which is a fibrous 
variety of chrysoberyl, there are three minerals knowm under 
the name of cat’s-eye, all, however, of inferior hardness and 
inferior specific gravity and of a dull lustre. They are: 1, a 
chatoyant (]uartz from India; 2, a green asbestiform variety 
from Bavaria; 3, a brown crocidolite from South Africa. 

Alexandrite. -Altliough originally discovered in Russia, 
the main source of supply is (^)'lon. Tlie stone is- strongly 
dichroic; it has a briglit green or deep oli\'e-green color as 
seen by daylight, whicli, when seen by candle- or gas-light, 
chjinges iiito a deep red of a raspberry tint. Some display 
the lustrous line characteristic of the cat’s-eye, but only when 
they arc cut m cahorhon. 

Its composition is substantially that of the chrysoberyl: 
glucina, 18; aluniina, 79, and as coloring matter iron, chromic, 
copper, and lead oxid, 3. 

THE TURQUOISE. 

Turquoise mining at Khorassan, in Persia, in the district of 
Bar-i-Maden, province of Nishapur, is carried on in galleries 
and shafts, in veins in the eruptive and metamorphosed rocks 
of the mountains of the district. These rocks are mainly 
composed of limestone and sandstone resting on clay slates, 
broken through in places l)y porphyries and green stones in 
which tlic veins occur Diggings in the detritus of the disin- 
tegrated rock washed down in the valleys compose in part 
these mines. There are more than twenty mines with shafts 
and galleries on these mountains, some of which are very exten- 
sive, but most of them are now abandoned. The mining in 
the detritus on the lower slopes of the mountains and in the 
valleys is done in a promi.scuous manner. 

Turquoises have lf*en found at Los Cerillos, New Mexico, 
in small veins or as nuggets covered with wliite porous crust. 
An qld excavation has been dug by the Indians in the solid 
rock 200 ft. deep. In Arizona this mineral occurs at Turquoise 
Mountain and in Mineral Park 
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At Victoria it has been discovered some time ago and is 
mined in the “New Discovery Mine’' 

The tuniuoise of best (jualitv is of a sky-blue color, which 
does not fade on exposure or rhaiigc in artificial light. It is 
not transparent, l)iit has a peculiar translucency. 

Bone tunpioise or odontolite is considered to be fossil bone 
or ivory colored ])lue by phosphate of iron. It is softer than 
the true turquoise and emits an odor when gently heated. 

The callaite also resembles turquoise but has a lighter and 
a duller color, witliout its vivacity and fineness. 

The chemical composition of the turquoise is: 


Phosphorus peiitoxid 32.8 

Alumina 40.2 

Water 19.2 

CopiKir oxid .5.3 

Iron and manganese .oxids 2.5 


Rare Turquoises. — In Russia one proverb says: “A tur- 
quoise given by a loving hand carries witli it happiness and 
good fortune.” Anoth(‘r says: “The color of a turquoise pales 
when the well-being of the giver is in danger.” 

According to Nicols a turquoise of the size of a hazel-nut 
with the image of Julius Caesar engraved on it was in possession 
of the Duke of Etruria. 

The duke of Orleans owns two: one with the image of Diana 
and the other with that of Faustina. 

In 1808 was sold a magnificent necklace of turquoise of 
twelve stones, each having the figure of one of the Caesars 
engraved on it. 


GARNET, CARBUNCLE. 

Cinnamon Stone.— The precious garnet is sometimes called 
“almandine.” The color is blood-red, cherry-red, or brownish 
red, with a violet tint by candle-light 
Garnets occur in a great many localities They are found 
in serpentine, in chlorite slate, mica sclii.st, granite, hornblende, 
schists and gneiss, in glacier streams, and .^vcr beds; in Europe, 
Asia, America, Australia, and Africa 
Mineralogists distinguish the following varieties, all of the 
Bame crystalline system and form: precious garnet, almandine 
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or carbuncle; the essonite, jacinth or hyacinth; the pyrope, 
or Bohemian blood-red garnet; the Uwarowite, or green garnet; 
the almandine, or carbuncle. 

This stone is of a rich bluish-red color. The name carbuncle 
is applied to it when the stone is cut with a convex, more or 
less rounded face (m rabochon), the lower face sometimes con- 
cave, flat, or with facets, and occasionally foiled with silver* 
or gold. Almandine is occasionally found asteriated with a 
six-rayed star. 

Composition: silica, 3G.5; alumina, 21; iron oxid, 34.5;^* 
magnesia, 4; lime, 3; manganese oxid, 1. (Vystalline system " 
and form, isometric: dodecahedron and traix^zohedron. Hard- 
ness, 7; specific gravity, 3.5 to 4 3 

Pyrope. — Of a yellowish dark-red color. They occur in 
serpentine in Bohemia and Saxony, and are sometimes found 
in the diamond mines of South Africa and are termed African 
rubies. 

Composition: silica, 41.5; alumina, 22; magnesia, 15; iron 
protoxid, 9 5; lime, 5; chromium sesquioxid, 4.5; manganese 
protoxid, 2 5; hardness, 7.5; siJeeific gravity, 3.7-3, 8. 

Essonite. — The name applied to this stone changes in 
accordance with its color: ciriLamon stone, of a light cinnamon 
or yellowish brown; jacinth, reddish-yellow brown; hyacinth, 
bright-red yellow-brown; grassularia, green. 

Essonite is found in Switzerland, in Piedmont, in New Hamp- 
shire and Maine, U. S., in Mexico, in Ceylon, in Siberia, etc. 

Composition: silica, 40; alumina, 23; lime, 32; oxid of iron, 

5; hardness, 7; specific gravity, 3.4-3 7. 

Uwarowite. — Of fine bright green, is found in the Ural 
Mountains in gold-washings, but only in specimens of small 
size. 

Composition: silica, 37; lime, 33; alumina, 7; chromium 
oxid, 23; hardness, 7.5-8; specific gravity, 3.5. 

Topaz.— Mineralogists include under this name three dis- 
tinct minerals: (1) The true topaz. (2) The oriental topaz Pr 
yellow sapphire, which is in reality corundum colored yellow. 
(3) The false topaz, or occidental topaz, which is quartz of a 
yellow color. * 

The true topaz has been found in various colors; colorless, 
transparent, all shades of light blue, light green, light 
light yellow, and deep yellow. The colors, however, are npt 
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stable and often bleach on exposure to sunlight. This ?tone 
occurs in granite, in gravel, and sands of rivers; it is i»ften 
found near tin ores The localities where it may be found 
are distributed o\'er the whole known world. 

The Goutte d’Eau is a colorless topaz which takes a very 
brilliant polish when cut as a brilliant 

In St, Petersburg is a crystal of topaz 4| inches long, 4^ wide, 
weighing 31 lbs. 

A stone set as a signet-ring, with the portrait of Pliilip II 
and Don Carlos deeply cut in il, and one of a. citron-yellow 
color representing an Indian Bacchus are at the Hibliotheque 
Nationalc of Paris. 

An anti<iue topaz with a represiuitation of Sirius of excellent 
workmanship is at St. Petei-sburg. An amulet of topaz, with 
the Arabian sentence '‘From God alone is success" bored 
through it, is owned at Paris. 

The chemical composition Of true topaz is: silicon, 16 Jy; 
oxygen, 36.8; alumina, 30.2; fluorine, 17.5; hardness, 8; 
specific gravity, 3.5. Orthorhombic. Rhombic prism. 

Spodumene, Hiddenite. — Grayish to greenish-yellow, 
transparent to opaque. Hiddenite lias a brilliant green hue. 

Occurs in many localities, but transparent syxicimens, the 
only ones of value as gems, have* only been obtained in Brazil. 

Composition: silica, 64.5; alumina, 29; lithia, 5.5; iron 
oxid and soda, 1.0; Imrdneas, 7; specific gravity, 3. Mono- 
clinic. 

lolite, Saphir d’Ecau. — Ceylon furnishes the best trans- 
parent specimens of various shades of blue and violet. The 
tint of the crystal varies when seen from dilTerent direction, 
the mineral l>eing dichroic. 

Composition; silica, 49; alumina, 34; magnesia, 9; ferous 
oxid, 8; hardness, 7; specific gravity, 2.6. Trimetric. 

Andalusite. — Found in Brazil in clear crystals of green and 
brown color, pleochroic: showing dilTerent tints seen from 
different directions. 

Composition: AlgSiOp; silica, 37; alumina, 63; hardness, 
7-7.5; specific gravity, 3.1. ^ 

Labradorite. — Special specimens i>f Labrador feldspar, 
which, when polished, show an irridescent play of colors, by 
reflecting prismatic hues of bright green and blue, with deep 
yoUow, reddish and bright-red reflections, to which is some- 
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times added a spangling brilliancy, are the only minerals of 
this kind employed in jewelry. The body-color is dull gray, 
brown, or greenish brown 

Composition: silica, 52 9; alumina, 29.3; hme, 12.3; soda, 
etc , 5 3; , 0; liardnoss specific gravity, 2 7. Tnclinic 

Moonstone (Orthoclase) —This mineral occurs on the 
highest peaks of the St Gothard, but the best, specimens are 
obtained from Oylon Its lustre resembles tliat of mother- 
of-pearl. 

Composition: silica, C4 7; alumina, 18 4; potash, 10.9; 
hardness, 0; specific gravity, 2 5-2 0 Monoclinic 

Sunstonc (Ollgoclaso). — Found in Norway, but rarely em- 
ployed in jewelry. Its color is reddish or deei) yelkiw, with 
prismatic reflections and spangling lustre. 

Composition: silica, 01.9; alumina, 24 1; lime, 5 2; soda) 
8.8; hardness, 0; specific gra\itv, 2,5-2 7. 

Obsidian.— A volcanic glass, bottle-green, sometimes streaked 
brown, kno^vn under the name of mahogany olxsidian. 

Consists of silicate of alumina, potash, iron, and lime. Ilard- 
nes,^, 0 5; specific gravity, 2 0 Amorphous. 

Crocidolite.— Mainly from South Africa. When brown it is 
called tiger’s-eye, when blue, hawk’s-eye because when ground 
cn nibo 'hon the cat’s-eye effect is produced. 

Composition: silica, 51; oxid of iron, 34; soda, 7; magnesia, 
3; water, 5; hardness, 7; specific gravity, 3 Triclinic. 

Amazonite, Amazonstone.— This mineral of a beauti- 
ful bluisli-grccn color has been mainly obtained from Siberia, 
but occurs at Pike’s Peak, Colorado, and has Ix'on found in 
Scotland. 

Composition: silica, G5; alumina, 18: i)otash, 13; soda 
and coloring matter, 4; hardness, 6; specific gravity, 2.5. 

Peridot or Chrysolite. — ^These minerals are known under 
the general name of Olivine. When the color is light straw- 
yellow or yellowish green it is called chrysolite*, when of a 
deep yellowish-green or olive color the name peridot is applied 
to it 

It occurs in the East, South Africa, Brazil, Mexico, Arizona, 
U. S., and New South* Wales. 

This stone should he carefully polished; for the final polish and 
lustre salphuric acid has to be used. 

Composition: silica, 39.73; magnesia, 50.13; ferrous oxid. 
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9.19; nickel oxid, 0 95; hardness, 6 5; specific gravity, 3 35. 
Trimetric 

Chrysoprase. —This stone occurs in veins of serpcuitine 
Its color is transparent yellowish green of many shades, which 
are liable to pale when exposed to sunlight or lieat, 
Composition: silica, 97 5; oxid of nickel, etc., 2,5; hardness, 
7; specific gravity, 2.fi. Amorphous. 

Lapis-lazuli. — Tliis mineral is found in the Cordilleras be- 
tween the Argentine Hepul)lic and Chili in a thick stratum of car- 
bonate of lime, wliicli rests upon slates, and is covered by a 
deposit of iron ore in which occur ganiets On top of tliis is 
granite. It is found in Siberia near Baikal Lake, in the dis- 
trict of tlie Oxus, mixed with iron ore, in many provinces oi 
China, mixed with pyrites in granular limestone, on the Indus 
in grayish limestone 

The stone is used for all kinds of ornamental purposes, for 
vases, caskets, cups, buttons, for architectural decoration in 
buildings, and only to a limited extent for rings, pins, etc 
Composition: silica, 45 alumina. 31 8; soda, 9 1 ; lime, 3 5; 
iron, 0 8; sulphur, 0 9; sulphuric acid, 5 9; clilorine, 0.4; water 
and loss, 2.1; hardness, 5.5; sjx'cific gravity, 2.3-2. 5. Massive 
and isometric. 

Tourmaline,— Tliis mineral is known under ditTcrent names 
according to color The red is called rubellite; the blue,» 
indicolite; the clear colorless crystal, achroite; the black, 
schorl. 

In some specimens one part may be green and another part, 
pink; some show a spot of red color surrounded by a lively 
green. 

Tourmaline is found in Silx'ria, Ceylon, the Urals, Saxony, 
Isle of Elba, United States, IVJount Mica Maine, and in Brazil. 

Tourmalines of carmine, yellowish red, purple, rose-red, and 
reddish blue are obtained from Siberia, 

Olive-green or yellowish -green stones of a more or less dark 
color are found in Brazil and Ceylon 
Tourmaline becomes electric by friction. Those in which 
the crystalline structure is different at the two extremities 
or is hemimorphic are pyroelectric. * 

It is a mineral of double retraction and dichroic, showing 
different colors when seen from d.fferent directions 
Composition somewhat vanablp A green stone’s was as 
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follows: Silica, 38,55; alumina, 38.4; borontrioxid, 7.21^ 
ferric oxid, 5.13; ferrous oxid, 2; soda, 2.37; fluorine, 2.09; 
lithia, 1.2; lime, 1.14; manganic oxid, 0.8; magnesia, 0.73; 
potash, 0.37; hardness, 7 5; specific gravity, 3-3.15 
Sphenc. — This stone is found in many localities, among 
which are many parts of North America, Arendal in Norway, 
Mont Blanc, and St. Gothard Mountains. The color varies 
from pale yellow to green, and it may be opaque and trans- 
parent. Only the latter variety can be used as a gem. 
Composition: Silica, 4.1; lime, 27; titanic oxid, 41; iron 
oxid, 1; hardness, .5-.5.r); si)ecific gravity^ 3 5 Monoclinic. 

Opal , — In Hungary the opal occurs in t rachitic or porphyritic 
rock, from whicii lead, silver, and gold is also obtained The 
mineral forms veins filling cavities in the rock. Precious opal 
of great beauty has been found in Queensland as veins in brown 
iron stone and in otiuir parts in sandstone; also in New South 
Wales disseminated in a similar sandstone Mexico, Honduras, 
and Guate'mala are also localities where opals have been 
found. Most of the central American opals seem to be more 
transparent and less flashy or fiery than the Hungarian 
oiials. 

The precious opal cannot be said to have any particular 
color of its own, but it has a pearly brilliant lustre which reflects 
and throws out rainbow tints, which in some specimens are 
more or less evenly distributed, while in others one part of 
the stone displays more particularly one shade or color and 
another part a different color. In other stones the colors 
appear more or less banded or concentrated in patches of all 
kinds of hues distributed over the surface of the stone; such 
stones are known as harlequin opals 
Stones destitute of tliis color-play are not used as gems and 
are known under the name of common opal 
Rare Opals.— Pliny narrates that Marc Antliony proscribed 
Senator Nonius because the latter was in possession of an 
opal the size of a hazel-nut valued at about $100,000 Nonius 
preferred living in exile with his opal to living in Rome with- 
out it. • 

Two stones were exhibited in the exhibition in Paris in 1867, 
one of 180 carats, the second of 160 carats, the latter a mag- 
nificent harlequin opal. Both were of drop or pear shape, 
and they were considered to be the finest of their p-lftaa 
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An opal weighing 17 ounces, as large as a man's fist, is in the 
Imperial Cabinet of Vienna 

In the Hope collection W'as an opal 1] inches by 1 inch 
which was highly transparent and showed very rich colors of 
reflected green and yellow rays int(“rs[K!rsed in dilTerent direc- 
tions witli rays of a bright blue and deep red- The figure of 
Apollo engraved on it in aUordu vo was surrounded by rays ol fire 

Composition: Silica, 8.S; water, 12; hardness, r).5-G; specific 
gravity, 2-2.2 Amorphous 

Rock Crystal. —Rock crystals are found in caves of granite 
rock in different parts of Switzerland, in cavities of the marble 
of Carrara This mineral is found nearly in e^'erv mountainous 
country. Ceylon, Mailagascar, and Brazil, esixicially the 
latter country, supply it in (piantities 

One crystal in the IVIuseum ot Berne weiglis 270 lbs and 
another 205 lbs 

A block of crystals in the Natural Ilislorv Muscnim of Paris 
measures 3 feet in diaiiK^ti'r and weighs 800 lbs 

Among tile French national jewels is an urn of rock crystal 
9i inches in diameter and 9 inches high, on the upper part of 
which IS a reiiresentation of Noah asleep, his children holding 
a covering, and of a woman holding a baskid. of Iriiit in her 
hand This urn is valued at S20,0()0 

Composition of crystallized silica is silicon, 40.7; oxygen, 53 3; 
hardness, 7; si^ecific gravity, 2 05 

Carnelian,— c'ound m nodular masses and in the interior of 
agates in Germany at Oberstein, province of Birkenfeld, in 
sandstone, and at Waldsimt, Baden, in agate gravel; as pebldes 
in Peataupur, East India, and in rivers in Uruguay Quan- 
tities are exported from Brazil 

Camelians are distinguisjied by jewelers and lapidaries by 
color as follows: 

1. Masculine camclian, caraelian t»f old stone, dark red 

2 Feminine carnelian, pale red and yellowisii red 

3 Sard, brown to yellow 

4 Sard-onyx, alternating layers of sard and white 

5 Camelian-onyx, blood red striped and white. 

6, Camelian-beryl, whitish yellow 

At Oberstein and Idar, Germany, pale-gray chalcedony is 
colored by chemical means a bright red and is converted into 
cameUau of the richest tints i 
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Tiiis stone, besides its employment for rings, seals, watch- 
keys, beads, and other similar ornaments, is much used for 
cameo-engraving 

Composition: Silica with oxid ol iron; liardncss, 7; specific 
gravity, 2 (i 

Agate. — Tliis stone occurs in nodular masses filling 
amygdaloidal cavities in rock consisting in most cases of ancient 
lava and n^sembling in other cases basalt. Nodules of agate 
are also found in river-beds 

The mineral lias variously colored lavers of all shades of 
brown, red, gray, green to black, and has distinguishing namesif 
in accordance with the arrangement ainb apix^arance of the 
colored streaks nr bands The main supply now comes from 
Uruguay, South America, under the rranie of Brazilian agates, 
where they occur sometimes in large nodules in river-beds. 

They are workiid and cut into all kinds of ornamental objects 
in and around. Oberstein and Idar on tlic river Nalie, a tributary 
to the Rhine at Bingen, Ck'rmany In the same localities 
great skill is displayed in d\eing stones all kinds of colors. 

Composition : Silica and coloring-rnattcr; hardness, 7; specific 
gravity, 2 0 Nodular, amor|ihou8 

Oriental Onyx, '-This stone is similar to agate in composition 
and in the banded appearance of its colors. It is principally 
used in jewelry for cameos The stone is translucent, with 
banded colors, principally brown, of all shades 

A kind of marble which is largely used for architectural decora- 
tion, having the same coloring and shaded bands, is known as 
onyx marl lie 

Jasper. —This mineral is found in compact masses or as 
pebbles in kidney shape in various colors and sliades of green, 
yellow-brown, brownish red. The colors form sometimes bands 
and zones 

It occurs in a great many localities, and is only usc*d for 
ornamental purposes wlieii the colors are such as to produce 
pleasing effects. 

Composition: Silica, 99.5; oxid of iron, 0.5; hardness, 7; 
specific gravity, 2 5. 

Jade. — The color of this stone is of a bright green. Jade 
is found* in New Zealand, and has l^een worked for ages in 
China into various ornaments It has been used somewhat. 
for earrings and pendants and other objects of oniamentatlDfi. , 
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Composition; Silica, 57 75; magnesia, 19.86; lime, 14.89; 
oxid of iron, alumina, etc., 7 5; hardness, G.5; specific gravity, 
2.91-3.18. Amorphous. 


35. ORE ANALYSIS. 

DRY AND WET ASSAY. 

Roasting for Dry Assay.—The object of roasting an ore is 
to eliminate the volatile components and metals and to oxidize 
the non-volatile base metals 

Ores of gold, silver, and copper containing considerable zinc, 
antimony, arsenic, or sulphur are roasted in a sliallow roasting- 
dish over the flame ot a Runsen burru'r or in a moderately 
heated inuflle The ore is continually stirreil until the glow 
appearing after a short timc-r)r tlie emanation of minute sparks 
ceases; it is then subjected to increasc'd heat until no more 
fumes are evolved, when the ore ih considered to he “sweet ” 
In ore consisting principally of copper and iron pyrites 
mix after cooling a little carbonate ol ammonia, cover, and 
heat moderately till no more fumes are e\})elled 
If considerable sulpltid of lead or of antimony is present in 
the ore, mix with fine sand or preciiiitated silica while roasting, 
to prevent caking or adherence to the roast ing-dish 

For antimonial or arstmical compounds in the ore, add some 
finely ground charcoal, which sliould be completely burned out 
before removal. 

Scorlfication.— The object of scorification is to produce an 
alloy with lead of the precious metals in tlie ore. 

The requisite quantity of granulated pure lead, of wdiich 
the contents, if any, of silver has previously been determined, 
is generally divided approximately in two ecpial parts, one of 
which is intimately mixed with the reagents and the roasted 
or unroasted ore, as the case may be. Tlie mixture is put in 
a scorifying-dish of refractory material, then evenly covered 
with the s(!Cond half of tlie granulated lead, and over all some 
borax glass is sprinkled. • 

The scorifier with contents is placed in a decidedly hot muffle, 
which is Icept closed for a few minutes until the lead is melted, 
when air should be admitted. When the metal in the scorifier 



138 


MINERALS AND METALS. 


is well covered with a liquid slag the heat is increased for a 
few minutes. The operation is eonsidcred concluded when the 
liquid slag runs clean from an iron rod dipped into it. 

Cupellation, — ^The object of this ojx*ration is to isidate the 
precious metals, gold and silver, by oxidizing tin? lead or con- 
verting it into litliarge and removing tlie latter as it forms. 
The alloy of lead and precious metals is melted in a dish of 
bone ash, called a cupel, weighing from one quarter to one 
third more than the lead button The bone-ash lias the proy)erty 
to absorb the litharge as it forms. Tlie cupel is placed in the 
hot bright^red muffle and the lead button placed on it when 
the cupel is red-hot The muffle is then kept closed for about 
a minute, when the lead is rnelUffl, after which air should have 
access to the melted lead While oxidizing, or the conversion 
of the lead into litliarge takes place, tlie muffle should be kept 
at a bright^red heat and the cupel red-hot Fumes should rise 
slowly from the luminous and clear surface of the metal. Tlie 
heat should neither be too high nor too low. If scales of litharge 
“feathering” sh(»w on the inner cinurnfereiicc of the cupel it 
indicates that the heat has not lieeii too high. When the last 
of the lead is oxidized and leaves the button, it is indicated by 
a film apparently re\'olving with great velocity and by rainbow 
colors showing on the button’s surface as,a final film is ])assing 
over the liead This phenomenon is known as “brighten- 
ing,” “flashing,^' or “bheking ” Then increase the heat for a 
short while by closing the muffle-door in order to drive the 
last traces of lead away Let the assay cool slowly by with- 
drawing it gradually from the muffle 

Inquartation. -The object of thih operation is to produce an 
alloy ol gold and silver in vhicli the proportion of the silver 
to the gold is such that all the silver can be dissolved by nitric 
acid, leaving the gold as a spongy mass If the proportion of 
silver is too small, tlic surrounding gold prevents the action 
of the acid ; if too large , the gold is left as a fine slimy precipitate. 
The operations consist in making the quantity ol silver in the 
bead or button of gold-silver alloy about or 3 times as large 
as that of tJie gold, ex^x'rience having sliown tliis to be the 
proper quantity Tins is generally done by adding the neces- 
sary quantity of fine silver-foil, wrapping into sheet lead, and 
cupelling 

Parting,— By this operation the silver is dissolved from th« 
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gold by treating the flattened gold-silver bead or button in a 
porcelain capsule or crucil)le with nitric acid of 21° B., 1.16 
specific gravity (16 parts concentrated nitric acid of 44° B. 
or 1.41 specific gravity to 30 parts of distilled water) for small 
beads. For large beads add after tliis treatment nitric acid 
of 32° B., 1.26 specific gravity (16 parts concentrated acid 
and 10 parts distilled water). After a while heat gently 
on a sand-bath, decant the clear solution when no more action 
takes place, and wash the remaining gold repeatedly by adding 
distilled water and decanting. Dry and warm to drive off 
the moisture, then heat well for a short time and let cool, when 
the gold can be weighed. 

36. ASSAY OF COPPER ORE. 

Dry Assay. — Ascertain if arsenic, sulphur, or both are present 
by roasting a small pulverized portion of the ore in the closed 
end of a glass tube and l)y obsiTving the smell — garlic or sul- 
phurous or both — of the gas evolved, and by noting the color and 
nature of the cemdensed deposition. If both arsenic and 
sulphur are present in the ore nn.\ not less than 10 grammes 
or about IW gniins with half its weight of saw- or charcoal- 
dust and enough oil to make a stiff mixture and heat moderately 
in a crucible until no more arsenical fumes arc evolved. Cool 
and triturate, expose in a shallow refractory dish to a slow 
roasting heat, stirring continually until no more sulphurous 
gases are emitted and until all the coal from the sawdust is 
consumed. Mi.x the remainder with half its weight of borax 
or carbonate of soda and with about one twelfth its weight 
of pulverized charcoal or lampblack, add oil to produce a stiff 
paste, which should be pressed in the bottom of a crucible. 
The latter, after l^eing covered up and carefully luted, is exposed 
first to a dull-red heat and then for ten to twenty minutes to 
a bright heat in an air-funiace. The copper button obtained 
after cooling and breaking the cnicible is refined by remelting 
with borax in an open crucible. To ascertain if gold or silver 
is present it may be cupelled with lead. From the weight of 
the metallic copper tlms obtained the*j)ercentage of metal in 
the ore can easily be calculated by dividing the weight of the 
ore assayed in ono hundred times the weight of the copper 
obtained 



140 


MINERALS AND METALS. 


If the preliminary test does not indicate the presence in the 
ore of arsenic, then the first roasting is omitted, and if by the 
same test no sulphurous vapors are evolved, then the ore to 
be assayed, after being dried and weighed, is mixed with pul- 
verized charcoal or lampblack with borax and oil and subjected 
to heat in the luted crucible. 

FIRE ASSAY FOR SILICATES. 

Oxids and Native Copper, 


composition of flux and its proportion to mineral. 


Mineral 

Flux 

Per Cent 
Copper 

Grras. 

Bora.x, 

(Inns. 

Sodium 

Bicar- 

honalc, 

(Jrnis 

•Slag. 

Crnis. 

Potas- 
sium Bi- 
t art rale, 
(Jrms. 

Sand, 

(Jrms 

Ferric 

Oxid, 

Grms. 

92 

100 i 

() 

5 5 

20 

30 



_ 

86 

100 

,6 

6 

18 

30 

— 


60 

50 1 

lo 

8 

— 

30 

— 

— 

>35 

50 i 

14 

14 

— 

30 

— 

10 

33 

50 ‘ 

15 

16 

— 

30 

15 0 

— 

20 

50 1 

19 

20 

— 

30 

17 5 


2 5 to 20 

50 j 

20 

20 

— 

30 

— 

-- 


* Tail-houso mineral. * Rich refining slag. 


The borax and soda are melted in an iron hidle to drive off 
the water of crystallization and tl»en pulverized. The clean, 
well-fused sl.ag from former opt^ralions is also pulverized. 

Tlie ferric ox id may Imj sidected fragments of specular iron 
ore also pulverized somewhat finer. 

The ordinary natural draught furnace, which can contain 
six Hessian crucibles of about 3 ins. diam., 4 ins. height, placed 
on thin firc^-brick above the grate, may be used with soft coal, 
egg size. The crucibles, when filled, are covered with well- 
fitting covers of sand- and fire-clay, are charged in the already 
well-heated furnace, and the coal well filled in between the 
crucibles. 

The operation should l>e as short as possible, about twenty 
minutes for easily fusible tests and from twenty-five to thirty 
minutes for more resisting mineral. 
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ANALYSIS OF COPPER ORE. 

Wet Assay. —Ascertain by preliminary tests the presence of 
sulphur, arsenic, antin^onv^^Iead, iron, nickel, cobalt, silver, Dtc. 
If none of tliesc is present, then the ore, an oxid or carbonate, 
being pulverized, is weighed and dissolved in strong nitric 
acid. Sulpliiireted hj’drogen-gas is passt‘d tlirougli the solution, 
precipitating the coppc‘r as black sulphid. Filter and wash 
the precipitate and r(‘dissolve in very dilute aqua n‘gia (3 parts 
nitric acid, 2 parts hydrochloric acid); to this solution add 
slowly a solution of caustic potash until all the copper is pre- 
cipitated as black oxid of cop|x*r Filter and wash the pre- 
cipitate with boiling water and, after drying, weigh. This 
being protoxid of copptir, is therefore ctimposed of 63.2 
parts of copper and 16 parts of ox v gen 

If iron only is presinit in the ore in addition to copper, add 
to the solution of the ore in nitric acid an excess of ammonia, 
thereby precipitating the iron as hydrated }x*roxid, and redis- 
solving the precipitate of copper formed in the beginning. 
Filter and add the wasli-water to the solution and precipitate 
the copper protoxid with caustic potash as stated above. 

KLLCTRC)L\TIC ANALYSIS 

of Copper Ore and Copper Compounds. 

The ore pulverized so as to pass through a 100-mesh sieve 
is carefully sampled and weiglied. For ore of 20 p(^r cent and 
above in copper weigh out 1 gramme, increasing this quantity 
as the ore is judged to be poorer, to 5 grammes for the poorest 
ore. For matte of about 60 per cent of copper 0.2.5 gramme 
should be taken. Dissolve in a porcelain evaporating-dish 
with the smallest possible Quantity, or about 10 c.c. of con- 
centrated nitric acid, and if silver is supposed to be present, 
add some hydrochloric acid. Cover with a watch-glass and 
heat on a sand-bath, driving off tlie free volatile acid. When 
cold add a little (about .5 c c 'i concentrated sulphuric acid, 
then heat again until red fumes cease to be evolved or until 
white vapors appear. 

Dilute, when cold, with about .50 c.c. of distilled water, heat 
for a while, stirring, with a glass rod, then allow the tmdissolved 
matter to settle. Pour the liquid contents in a filtering-funnel 
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until the residue tends to flow away. Examine the sediment, 
and if of a dark-eolored apf)carance, treat it again with a small 
quantity of acids. Wash finally the contents in the filter 
and fill the latter three or four times with clean distilled water, 
so that all th(' eo[)per solution sliall be wjisljed out of the filtering- 
paj^KJC and out of the funnel in the beaker below it. 

The filtered copi)cr-salt solution, may contain various other 
metal salts in solution, as of lead, zinc, antimony, etc., which 
however, do not interfere with the electro de}K»siti')n of copper. 

After carefully cleaning and weighing a piece of platina foil, 
bend into cylindrical form, destined to stu-ve as catliode or to 
receive t he deposit ion of copper, the foil is immersed in the 
solution and connected by a conducting wire with the negative 
or zinc terminal of two one-gallon gravity cells, connected in 
series; the copper or ixisitivc terminal being connected to the 
anode, consisting in a platinum wdre bent into a flat spiral, 
dipping iiito the electrolyte solution. 

The electrolytic dei)osi(ion is continued for a whole night, 
or during about ei^ht hours. 

Tlie solution is considered to be exhausted of eop{x;r when 
a drop of it mixed with a drop of sulphureted-h\ drogen water 
on a ch'an wdiiti' surfime of a porcelain \'es8el shows no dis- 
coloration. A black coloration would indicate that copper 
remains in the solution, and the deposition would have to be 
continued. As a final test add to a portion of the solution an 
excess of ammonia, and if no blue coloration appears the solu- 
tion is free of copper. The electrodes are disconnected from 
the battery and withdrawn from the solution. The cathode 
is w'ashed and a few’^ drops of alcohol on the copper deposition 
are ignited Wlien cold the catliode is wdghed, the dilTerence 
between this and the original weight of the foil being the 
weiglit of tlie copper contained in the ore or in the compound 
treated. 

If 7^ = weight of copper so obtained; 

11’^ = weight of ore treated; 
p=}x>r cent of copper in ore; 



For a number n of tests, which are made simultaneously, 
the numt>er of one-gallon cells sliould lie n + 1, all test-electrode0 
jmd cell-electrodes to be connected in series. 
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Test for Detection of Traces of Copper*^ — To one drop of a 
dilute solution, supposed to contain copper, on a watch-glass, 
add one drop of concentrated hydrobromic acid. Let the 
solution evaporate slowly to one-half its bulk by placing tlie 
watch-glass in a warm place, and a distinct rose color will 
appear when only milligramme is present in the drop of 
solution. If more copper is present the mixture becomes at 
once dark brown or violet. No other metal, except iron when 
in considerable quantity, interferes with this test. 

Examination of Copper in Ores. 

Dr, Steinbeck’s Process, 

Weigh 5 grammes of the pulveiizcd ore, wliich, when high 
in sulphur and bitumen, is subjected to a preliminary roasting. 
Tlie roasted or unroasted ore, .as the case may be, is put into 
a flask, and 40 to 50 c.c. of crude hydrochloric acid, sp gr. 1.10, 
are poured over it, to which, after a little while, is added 6 c.c. 
or less of nitric acid, sp gr. 1.2, diluted witli its own bulk of 
water. The mixture is digested on a sand-bath for one hour 
and boiled for about fifteen minutes. 

The solution is filtered into a beaker of about 400 c.c. capacity, 
in which a pure zinc rod of about 50 grammes and a piece of 
stout platinum foil fastened to the zinc has been introduced 
previously. The precipitation of copper begins immediately 
from the warm concentrated solution, and is complete in from 
one-half to three-ciuarters of an hour. Tlie excess of zinc is 
then loosened from the platinum foil and is removed. The 
liquid is carefully decanted from the partially floating pre- 
cipitate of copper and the spongy metallic mass, partially 
adherent to the platinum foil/, is washed by repeated decanta- 
tions with fresh water. For copper ores containing less than 
6 per cent of copper, which is judged bv tlie bulk of the pre- 
cipitated metal, 8 c.c of the normal nitric acid (acid of 1.2 sp- 
gr. diluted with its own bulk of water) and for ore over 6 per 
cent, 16 c.c. of normal nitric acid are added to the precipitate, 
and bv the aid of moderate heat the copper is dissolved After 
cooling, and just before titration witl^ cyanid of potassium 
takes place, tO c.c. of normal solution of ammonia (1 volume 


> William Crooke’s, “Select Methods in Chemical Analyew," 
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liquid ammonia sp. gr. 0.93, and 2 volumes of distilled water) 
are added to the solution 

In the case where a double quantity, 16 c.c., of normal nitric 
acid has l)een used, the copper solution is diluted to 100 c.c 
and divided into two portions of 50 c.c., to each of which 10 c.c. 
of normal ammonia solution is added. Lead oxid, wltich may 
be suspended in the now deep-blue solution, does not interfere 
with the process. Cyanid of potassium solution, of a strength 
that each cubic centimetre indicates 0 005 gramme of copper, 
is now added from a measuring-burette until tlie blue color 
of the solution has disappeared. 

Each cubic centimetre of cyanid of potassium solution 
employed indicates 0.1 per cent of copper in the original 5 
grammes of ore tested. 

37. METALLIIIKIY OF SILVER. 

Process of double lixiviation of silver ores by solutions 

of hyposulpliitc of soda and ol sulphate of copper E. H. Russell. 

With (lie exception of ores with a high }x;rcentage of lead 
or copper, which are more profitably treated by smelting, all 
silver ores raw or roasted can be treated ])y lixiviation with 
advantage. 

Silver ores suitable for concentration and roasting or for 
treatment raw are jireferably prepared by dry crushing to a 
size passing screens from 8 to 30 meshes per lineal inch as extreme 
limits for roll cru.shing. 

The concentration is preferably to be done by the dry system, 
so that the concentrate shall immediately be suitable for 
chloridizing roasting. Avoid wetting down roasted ore while 
red hot. 

Ores may be treated raw or roasted. 

Raw ores containing native silver, silver sulphurcts, anti- 
monial and arsenical sulphurets. 

Roasted ores are di.stinguished into: 

Acid ores, when the first wash-water shows an acid reaction; 

Alkaline ores, when it shows an alkaline reaction; 

Arsenial alkaline oiyes, when an unusual amount of arsenates 
is pie.sent. • 

Solytlons,— Stock or ordinary solution consists generally 
in a solution in water of 1 J to U p(^r cent sodium hyposulphite* 
The concentration may in exceptional cases be as low as 0,7; 
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per cent or as high as 3 per cent, but exceeds very rarely 2 per 
cent 

The volume of stock solution per ton of ore may vary between 
70 and 200 cubic feet of solution and may in exceptional cases 
be even lower. 

The loss of sodium hyposulphite in lixiviation of acid ores 
is from 3 to 7 lbs. and in alkaline ores from li to 4 lbs. per 
ton of ore 

Tliis loss is compensated for partly by addition and partly 
by the composition of the following: 

Extra Solution, — This solution being subject to alteration 
by exposure to air is made whenever needed. 

Standard extra solution should contain 1 part of copper 
sulphate to 2] parts of sodium hyposulpliite. Therefore, to 
100 litres of solution containing 2 25 kilogrammes of sodium 
hyposulphite, XagS/lg + 5(112^, 1 kilogramme of copi)er sul- 
phate, CuS(b + 5(H2()), is added. 

For raw, acid, and arsenical alkaline ores the weighed quantity 
of copper sulphate varies between 0 0 and 1 2 per cent and 
for alkaline ores between 0.1 and 0.33 per cent of the weight 
of the solution. 

The volume of standard extra solution to fill the interstices 
between the grains of one ton of ore is, for raw ore, 6i to 9 cubic 
feet; for acid and ansenical alkaline ores, 10 to 14 cubic feet, 
just sufficient to saturate the ore, the volume varying accord- 
ing to fineness and specific gravity. 

For alkaline ore the volume of extra solution is four to six 
times the volume to saturate the ore, or to just fill the interstices 
between the pulverized particles of the ore with liquid. 

A standard extra solution containing a little free sulphuric 
acid is the most permanent, and may be heated to 50® C. = 122° F. 
with safety 

It should not be prepared with alkaline or caustic sodium 
hyposulphite solution (containing sodium carbonate or caustic 
soda). 

The extra solution which contains double the quantity or 
4.5 parts of hyposulphite of soda for l*imrt of copper sulphid 
is most permanent tvhen neutral and may be heated above 
50° C. 

It is employed for the treatment of ores containing caustic 

Ume. 
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Precipitating Solutions for Lead. — A solution of pure sodium 
carbonate, Na^COa, is used for tlie precipitation of lead salts 
as carbonate of lead In practice about ().50 grammes of sodium, 
carbonate are used to precipitate 1 kilogramme of lead. 

Witli proper precaution the amount of lead dissolved should 
not exceed 2.3 kilogrammes i:)er ton of ore treated. 


37a. SILVER, GOLD, AND COPPER. 

These metals are precipitated as sulphids from their solutions 
as hyposulphite double salts, by means of a sodium-sulphid 
solution. 

Preparation of Sodium Sulphid. — Dissolve caustic soda in 
its own Weight of water in an iron tank, filling it one-quarter. 
Raise the heat when solution luis taken place from 80° to 
100° C. and add gradually for 100 parts of caustic soda, 66 parte' 
of pulverized sulphur. The mass will soon foam up to two or 
three times its former volume, and the temperature will rise 
to about 145° C. The reaction and complete dissolution of 
sulphur is finislied in three or four minutes 

As the sodium sulphid so prepared solidifies on cooling, it 
should be immediately cast into cake-molds for preservation, 
or dissolved in hyposulphite stock solution and transferred to 
the storage-tank. 

The highest precipitation, 2.3 grammes of silver for 1 gramme 
of caustic soda, is obtained when 3 litres of solution contain 
1,67 kilogrammes of sodium sulphid, and tlie lowest precipita- 
tion of 1.50 grammes of silver for 1 gramme of caustic soda, 
when 10 liters of sodium-sulphid solution contain 1,67 kilo- 
grammes of sodium sulphid or 1 kilogramme of commercial 
caustic soda, NaHO, employed in the manufacture of the 
sulphid. 

37b. Test of Silver Solution after Precipitation of Lead 
with Sodium Carbonate.— Take a sample of the clear solution 
from the lead-precipitating tank into a test-tube and add a 
few drops of sodium-phosphate solution. The production of a 
precipitate would indi^ate the presence of more lead in the 
solution, which should be stirred up with a little more carbonate, 
and, when finally found to be free of lead, should be left to , 
completely settle for about thirty minutes, and then be decantedv 
in the silver-precipitating tank. 
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Test for Precipitation of Silver, Gold, and Copper. — In add- 
ing the sodium sulphid tlie silver solution should he well stirred, 
and the stirring continued some time after the precipitation 
is considered to be complete 

Add to a sample of tlie clear s(>lulion in a test-tube gradually 
a small quantity of sodium sulphid, being careful not to add 
it in excess When yet a slight precipitate sh()uld be produced, 
the operation is considered to be ended Over-])recipitation 
should be avoided 

In from one to four hours the silver sulpliids will liave suf- 
ficiently settled to decant the clear soluticui. 

37c. Treatment of Precipitated Sulphids.— 1 The pre- 
cipitated silver sulpliid is collected at convenient intervals of 
time and filtered preferal)ly under great pressure, 150 lbs. 
per square incli, in a filter-press The resulting silver sulphid 
cakes are carefully dried in stoam-heaU'd drying-chambers, 
and may be shipped in this condition to smelters 

2 The dried silver sulphid may be partiallv roasted and, 
with the addition of scrap-iron and borax, melted in a black-lead 
crucible and cast into bars 

3 If copper is present the damp sulphid cakes are dissolved 
in sulphuric acid, to which sodium nitrate is added By the 
violent action sulphur is separated in the form of globules, and 
may again be employed From the remaining solution the 
silver can be precipitated by metallic copper 

4 The dry sulpliids, free from lead and composed mainly 
of silver and copper sulphids, arc roasted in a muffle, the evacua- 
tion-pipe of which is connected to the submerged lead blowpipe 
of a closed Iloessler convertor, a lead-lined iron tank partially 
filled with a hot and not too acid solution of copper sulphate, 
and provided at the tfip with an escape-pipe. 

The dioxid of sulphur gases, evolved by roasting, are drawn 
from the muffle, and, together with some air through a regulating 
cock, are forced through the sulphate solution by a steam- 
injector, the tank being supposed to contain a charge from 
a previous roasting The operation ends when all the copper 
oxids in the charge are dissolved. Tfie contents of the con- 
vertor are discharged into a lead-lined' preeipitating-tank, the 
clear solution is after a little time decanted, the silver residue 
washed and collected in a filter-press, is finally melted with 
borax and cast into bars. 
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By crystallization sulphate of copper is obtained from the 
solution and the motlier-liquor is returned to the convertor. 

37d. Volumetric Determination of Sodium Hypo* 
sulphite Solutions with Iodine. 

(All ingredients are supposed to be chemically pure.) 

Place in a glass-stoppered litre bottle 
8.011 grins, of iodine, 

7 5 “ “ potassium iodid, 

100 c.c. of distilled water 

Bring the iodine and the potassium iodid together in one 
spot in the bottle and leave in a dark, moderately warm place 
for twenty-four liours If all iodine is then not dissolved, add a 
little more potassium iodid and bring the remaining iodine in 
contact with it When all is dissolved, fill the bottle not quite 
to the mark with distilled water, leaving something for correc- 
tion, shake and keep the solution in tlie dark. One cubic centi- 
meter of this solution, when corrected, is equivalent to 0.01 
grin, of sodium hyposulphite 

Starch solution: Add 100 parts of boiling distilled water to 
1 part of starch mi.xed with a little cold water. Place in a tall 
beaker to settle; decant the clear solution, and filter the rest. 
To this solution salt, NaCl, is added to saturation and the clear 
solution is kept for use in 3 or 4 ounce bottles. 

Instead of salt a little salicylic acid may be added to the starch 
solution; tliis is considered preferable and more convenient. 

Correction or Titration of Standard Iodine Solution. — Dissolve 
1 grm of c.p. sodium hyposulphite in 100 c.c. of distilled water. 
To 10 c.c of this .solution add 1 c.c of starch solution and dilute 
to 20 c c The starch in this solution should turn blue on 
the addition of 10 c.c. of iodine solution from a measuring- 
burette. If the coloration appears with less than 10 c.c., then 
the iodine solution should be made right by dilution with dis- 
tilled water. 

Determination of Sodium Hyposulphite Concentration of 
neutral or slightly acid stock solutions. — To 10 c.c. of stock 
solution add 1 c.c. of starch solution; dilute to 50 c.c. with dis- 
tilled water. Add standard iodine solution from a measuring- 
burette .until the blue coloration of the starch appears. Each 
10 c c of iodine solution thus added represents 1 per cent of 
sodium hyposulphite in the stock solution. 
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Laboratory Lixtnaiion TesUi. — Preliminary remark: The 
copper solution i.'. made by dissolving 200 grms. CuSC\ + 5(Hp) 
in water and diluting to 1 litre or 1000 c.c , and this eop{^)er- 
sulphate solution is designated by “Cpr” in the methods of 
lixiviation described Ixilow. The abbreviation '‘Ilyj)o ” is 
used for sodium hyposulphite. The quantity of pulverized 
ore treated is \ Assay Ton, or approximately lo grms., in a glass 
beaker of Over 300 c.c. capacity Proceed as indicated below. 

Boasted Ores. — Omit leaching with water; ust* (pr first 

Cold Solution. — 1. Add 50 c.c. water and 25 c c. Cpr. ; let 
stand two liours, then dilute with water to 300 c c ; add 20 grms. 

. Hypo, and two hours afterward filter and wash 

2. To the ore add 25 c.c. Cpr. diluttnl in 250 c.c. of water; 
leave cold for two hours, then add 20 grms. Hypo., and after 
two hours more filter and wash. 

Heated Solutions. — 3. Add to the ore 25 c.c C^r diluted with 
250 c.c. cold water; after one hour add 20 grms. Hypo.; heat 
to 55° C. = 131° F. ; decant, then add to the ore 25 c.c. Cpr 
diluted in 250 c c. cold w'ater. After one hour add 20 grms. 
Hypo., heat to 55° (' -131° F , then filter and wash. 

Leach with water by adding to the ore about 300 c c , stirring, 
and by decanting the clear solution on the filler to which the 
tailings are sul)se(|uentlv transferred 

4. Leach with cold water; add 25 c.c Cpr diluted to 300 c.c. 
with cold water after standing twelve or (Mghteim liours; add 
20 grms. Hypo., and after again standing cold lor twelve or 
eighteen hours, filter and wash on filter with a liot Hypo solu- 
tion. 

5. Leach with hot water; add to about 30 or 40 c c. residue 
of wash-water 20 grms. Hypo.; in one hour add 25 c.c. (’pr , 
diluted to 300 c.c. with cold/water; heat to about 55° C. = 131° F ; 
then filter and wash. 

Baw Ores Cold Solutions. — 6. Add to the ore 20 grms. Hypo, 
in 250 c.c. of cold water; after twelve to sixteen liours decant, 
and add to the ore 25 c.c. Cpr. diluted in 300 c.c. cold water; in 
from twelve to sixteen hours add 20 grms. Hypo., and after 
again twelve to sixteen hours filter and wash. 

7. Add 25 c.c Cpr diluted in 100 c c*cold water, after twelve 
to sixteen 'hours dilute to 300 c.c villi cold water, and add 
20 grms. Hypo. In from twelve to sixteen hours filter and 
wash on filter with hot Hypo, solution. 
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Hot Solutions. — 8 . Add to the ore 2r) c c. Cpr. and 100 c,c. cold 
water, after standintj; one hour cold, add 20 Rrins Hypo, and 200 
c.c cold water, heat to 5.5° C F , tlien filt( r d waslu 

9. Add to the ore 25 e c ('))r and 2.50 e c C(dd water; in one 
hour add 20 fjrins Hy{)o , lieat t«) 5.5° (’ , decant; add 25 c.c. 
Cpr. and 100 c e water to the ore and after standing (me hour 
cold, add 20 grins Hyjio ; then heat, filter, and wash. 


38e. Solubility in one Litre of Distilled Water 
of Caustic Soda, NallO, Sodium Carbonate, NagCOg, 
and Sodium Hyposulphite, Na 2 S 203 -H>(H/>). 


Temperature 
of Water 

1 Number of Grams Dissolved in 

1 Litre of Water 

Remarks 

c.. 

Deg. 

F., 

Deg. 

NallO 

Na,0()3 

Na2S..().,+.5(H.,0) 

0 

32 


09.7 

497.5 

Solvay soda iiy ammonia 

10 

50 


120 9 


process has 98.7 pei cent 

15 

59 

GOO 



of pure Na/’O.T 

20 

68 


217 1 

694 4 

1 (Jaustic ^o(la, liest quality, 

40 

104 



i 1041 G 

con lams 70 to 7G per 

60 

140 



: 1923 

cent Na;;0 

100 

212 

2100 





Saturated caubtic .soda solution boils at 21.'>.r)° 0.-420° F. 


Weight of Silver Ore Pulp, Raw, Roasted and Lixiviated. 


Weight of raw ore per cubic foot from, ... 75 to 1 10 lbs. 
Weight of roast ed ore per cubic foot from . , . 55 to 90 lbs. 

Lixiviating shrinkage of raw ore 10 to 18 per cent 

Lixiviating shrinkage of roasted ore 12 t.o24 per cent 


38. GOLD QUARTZ. 

Dry Assay of Gold Quartz. 

1 gramme = 15.432 grain. s. 

Triturate finely in an iron mortar and weigh out. 

Gold quartz from 40 to 100 grammes 

Litharge “ 125 “ 310 “ 

Carbonate of soda. “ 85 “ 110 “ 

Charcoal, powdered “ 10 “ 25 “ 

Bqrax, dry... “ 10“ 20 “ 

Omit borax, mix on a clean sheet of paper and put in an as^y . 
crucible of proper size to be two-thirds filled, cover with thefqsed,:, 
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finely pulverized borax: and liejitin an ordinary melting-furnace 
until complete fusion Towards the end raise heat to briglit 
redness, and when a clear liquid slag is obtained, remove imme- 
diately from the fire and pour in a button mold. After cooling 
remove the slag from the lead biitbui obtained by hammering, 
and isolate the gold and silver from tlie lead by cupellation. 

Prepare tlie gold and silver allo\ obtained for the ]iarting 
process by adding pure sil\(‘r oi gold lo biing the, jiroportiori 
to 2 ] of silver for 1 of gold in the alloy Hammer the hutton 
flat, anneal, roll it thin enough and reanneal so that it can 
be bent into a cornet, introduce into a parting flask and boil 
with 2 or 3 ounces -tiO to 1)0 grammes nitric acid, of 1 20 giavity, 
thereby dissolving the silver. The gold remains as a siiongy 
mass, which, after careful xvashing, is weighed. 

As the gold .so obtained is ne\er absohitelv pure and retains 
generally a small quantits of lead and silver, a minibor of proof 
tests, generally three, are made siiuultaneou.sly with gold of 
known fineness, and corrections are made in accordance with 
the results obtained. 

Assay of Gold-boarlng Pyrites, — 1, After reduction to a fine 
powder, heat in a shallow dish of refractory clay gradually from 
low to bright redness in a large muffle under constant stirring, 
until the roasted ore ceases to e nit sulphurous acid gases 
Weigh out about 100 grammes of roasted ore, 50 grammes 
dry carbonate of soda, 30 to 50 grammes litharge or red lead, 
5 per cent of powdered charcoal or of granulated metallic 
lead without charcoal; rni\, introduce in crucible and cover 
with about 50 graimmvs (d fused borax; (Xipcl the lead button 
obtained, and part the .silver and gold alloy resulting from 
cupellation. 

2 Heat the jiowdered raw ore wliilc adding cautiously and 
gradually nitrate of potas.sa until the snip) i ids of iron, lead, 
antimony, tin, or zinc are oxidized \Mien the mixture is 
quite melted, add about 10 parts of lead When cool, subject 
the lead button to cupellation and part the re.sulting silver and 
gold alloy. 

Scorlflcation. — Powdered gold <iu^rtz 5 grammes, granu- 
lated metallic lead 15 grammes for ncli ore to 25 grammes 
for poor ore, borax calcined, 5 grammes. Mix the ore and 
lead, put in a shallow cup of refractorv clay, a scorifier, add on 
top 15 to 20 grammes more of i granulated lead, cover with the 
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bora?:, put in the muffle, the latter being decidedly hot, close 
the muffle until the charge is melted, requiring about ten to 
fifteen minutes. p]\po.sc to a curnmt of heated air, thereby 
converting part of the lead int<> litharge. 

Towards tlie end of the oj)eration lieat for a short time very 
strongly. The op(>ration i.s conelutled when a small red-hot 
iron rod dipped in tlie mixture i.s on withdrawal covered by 
a film of fluid scotia, running oil clean It is often desirable 
to add to tile licjuid mixture about 1 5 granime.s of charcoal 
or antliracite to reduce part of the litharge into metallic lead, 
which, in sinking through the scoria, carrie.s small particles 
of suspended gold dovim. The button, or prill, obtained should 
weigh from 25 to 30 grammes and should be soft and (juite 
malleable. 

Assay Cupellatlon. — Cupels: Pre.ss moistened l)one-a.sh 
into cup-like blocks of about 15 or 20 mm. diameter and 10 mm. 
thickness Keep in a dry ))lace for .several months 

Preliminary Assay. — (1) Weigh i gramme of the alloy to be 
assayed, and if from appearance copper is supposed to be 
present, wrap the as.say piece in 32 times its weight, 10 gramnie.s 
of finely rolled pure sheet lead and cupel. From the color 
of the resulting button the proportion of gold and siher can 
be judged by an exfieriencwl as.say er. 

(2) To J gramme of the alloy to be assayed, add 2^ times 
its weight, or 1,25 grammes, of us.say .silver. Wrap tlie two 
metals in 5 grammes of pure lead foil and cupel Tlie weight 
of the .silver-gold button obtained, subtracted from the w'eight 
of the gold and silver originally employed, gi\’es the copper 
contents of the assay. The button is then flattencHi and dis- 
n >lved in two lots of hot nitric acid. The precipitated fine gold, 
after washing and drying is heated to rpdne.ss and weiglied 
when cool From the w'eight of the silver-gold button the 
weight of the pure gold plus tlie 1.25 grammes of tlie assay 
silver are subtracted, and the tlifference gives the weight of 
silver in the original } gramme of assay. 

Chip two small pieces from diagonally opposite comers of 
the gold ingot to be assayed, one from the top and one from 
the bottom. Flatten on an anvil by hammering. Roll out in 
thin strips Weigh from ] to 1 grni., add fine silver if necessary 
to make the proportion 25 silver to 1 of gold. If no copper is 
present add about 30 mgrms. copper and wrap in finely rolled ; 
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pure sheet lead of about thirty -two iimes the weight of the 
assay pieces thus prepared. 

After a number of assays have tlius been prepared heat to red- 
ness the corresponding nuinl)er of cufxds in a muffle the bottom 
of wJiicIi Jjas been pre\i(>usly covered with powdered bone- 
ash, and j)lace tfie assays in tliecu|M‘ls, loosely covering the open- 
ing Avith a hot brick until the assays are melted; then enough 
hot air is admitted to convert the lead into litharge, which is 
absorbed by the cupels. The operation is t('rminated after 
"brightening,” or the emission of a brilliant flash of light has 
taken ])lace. Tliis is jmmediateh preceded by the apj)r>arance 
of iridescent bands of th(‘ last thin films of litharge. In order 
to expel all traces of lead the heat at this moment should be 
considiu-ably inere'ased fur a sliort time Then the momtli of 
the muffl(‘ is closed and, after slowly cooling, the cupels with 
the solidified buttons, arei withdrawn. 

The presence of fonugn nu'tals is manih'sted by tlie coloring 
imparted to the cufiels and by some characteristic condition 
of the slag and button obtained, as follows. 

Copper: Dark dirty green. 

Antimony: Yellowish, covered liy slag; cracks the cupel 
when in large (juantities. 

Arsenic: Ditlicult to cupel; freezes the button; scoria) white 
or pale yellow. 

Iron: Deep red-brown, fine grains. 

Chromium: Dark briek-red. 

Manganese: Dark-blue tint. 

Cobalt Scoria* dark green; greenish stain. 

Nickel: (Ireenish lint and slag, in which case the silver 
spreads out in flat irregular layers. 

Lead: Lemon, straw- ^r orange-yellow. 

Tin: Hard to melt; acts nearly like antimony; gray scoria). 

Zinc: Yellow; cats in the cupel and spoils it. 

Bismuth ; Orange-yellow. 

Palladium: Greenish tint; crystalline button. 

The button of gold and silver alloy obtained is removed from 
the cupel, brushed with a stiff bnis^h, flattened on an anvil, 
and drawn out between rollers thin eaough to be rolled between 
fingers into small comets, haAing l)een annealed between these 
operations when found necessary. 
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Lead. Necessary for Cupellatlon of Gold and Copper Alloys. 


Fiuene.s.s of 1 Cold 

1000 

iHM) : 

SOO 

700 1 

(300 

500 

l400 to 50 

alloy 1 ('oi)I)er 

0 

100 ' 

200 

200 

400 ! 

500 

tiOO to 950 

Parts of lea<l for 1 i»ait 
alloy 

1 

10 

1(3 

22 

24 

28 

34 


Parting by Nitric Acid. — Introduce tlic cornets of ^old and 
silver alloy into parting; flasks eontaminj*: 2 to ounces pure 
Strong nitric acid, 1 2() sj)ecilie graxity, fn'o from ehlorin, sul- 
phuric acid, or sulphurous acid. Hoil until the glass flasks 
have remained for 3 to 3 minutes free of funu's Pour the 
acid carefully off and wash the now f)orous cornets with hot dis- 
tilled water. Reboil from 15 to 20 minutes in nitric acid of 
about 1.3 specific gra\it\, introducing a ball of porous earthen- 
ware to moderate the violent el)uUition. 

After this acid has been poured off fill the flask completely 
with distilled water, cover with a small crucible of smooth 
porous clay, invert the two ve.ssels so shat the si)ongy gold 
cornet falls through the water in the erueible, and withdraw l)y 
a dexterous movement the ])arting flask, avoiding overflow. 
Decant carefully the water from the criicible, drv thoroughly, 
and heat to redness. When cold remove with forceps and 
weigh. 

, For correction of the results chock assays are made with 
perfectly pure gold, in each c.ise of the same weigfit as the gold 
obtained by the assay to be cheeked. The cornet s})onges from 
these checks or proofs are weighed and tlu; dilTercnecs from the 
jri^Tial weight indicate the corrections to I)p made in the weight 
>f the cornet sponge obtained from tlu' assax- button 

The silx'er, being all contained in the silver nitrate solution 
mllected, i^ precipitated as chlorid of silver by tlie addition of 
jhlorid of sodium in excess 

Tills precipitate after being waslied and put in water acidu- 
ated by hydrochloric acid is restored to metallie silver as a 
lark-gray powder liv the introduction of zinc or of iron, pref- 
srably the latter. 

The metallic precipitate is washed xxith dilute sulphuric acid 
uid finally xxitli distilled water, dried, and fused in a crucible 
vith a little carbonate of soda or of nitre and cast. 

From the weight of the silver bar so obtained subtract the 
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weight of silver added to the assay and the result will be the 
weight of pure silver originally contained in the assay. 

Parting by Sulphuric Acid. — The alloy should contain silver 
2 to .5 parts; copper from (> to S per cent; gold, 1 part to be 
melted and granulated l)> pounng in cold water from a height 
of al)out 3 ft One [)art of granulated alloy is covered with 
3.5 parts by weidd of sulplinrie acid of niaxinuim conceiitra_ 
tion, ()()^ H , in a cast -iron xc'Shtl. tilling about two tliirds of its 
capac ity. The acid is kept boiling lor two or tlireeliours, during 
wliich fresh add is gradually ad<led, coinjieiisating for con- 
sumption and evaporation. Hoods ov(‘r the vessels carry off 
the fumes (liiougli a condenser to tlie air 

The solut ion is left to settle and cold acid is added to accelerate 
the precii'itatiou of the gold, from whicii the solution is care- 
fully decanted and the gold precipitate thoroughly w'ashed, 
adding tlie wash-water to the .sulphate solution in the silver 
preci|)itating-tank 

The yet hot acid .solution of sulphate of silver is run in a 
wooden tank lim'd will) lead, pro\ ided witli inclined hinged 
covi'rs and containing metallic copper shavings, or slalis or 
ingots of copper covered with cold water After a violent 
ciiemical reaetitm, the metalli* silver is here precipitated as 
a l)eautiful silvi'r mass in about twenty -four hours, the silver 
having been n'placed bv copper, which remains in solution as 
sulphate of copper This, after concentration, is submitted 
to crystallization, producing crystals of sulpliate of copper or 
blue vitriol. 

To the precipitated gold when dry is added a small quantity 
of fresli acid and the w^hole transferred to a smaller cast-iron 
vessel, in which it is submitted to at least five successive lioil- 
ings each with a .small (piaiitity of fresh sulphuiir, acid. The 
decanted acid fn m thc.se boilings is reserved for a fresh (pian- 
tity of gold and silver alloy to be parted. 

The gold precipitate is then tlioroughly washed with cold 
and hot water and, if very fine, pressed into cakes, which are 
dried in a current of warm air, then melted in a graphite crucible, 
and if a trial sample shows the metal to be tough it is cast into 
bars. If the trial sample sluwvs brittleness, which may be due 
to a minvtt^e quantity of lead, then the gold is fluxed with nitre 
through an “eye” in a cover of bone-ash. 

The silver precipitate is also compacted into cakes by 
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hydraulic pressure, dried in a current of warm air, and melted 
with nitre only when scleniuin or tellurium is present. In 
this case tlie spongy silver has a dark color, and would pro- 
duce a brittle metal melted without nitre. 

39a. FOREIGN METALS IN GOLD ORES. 

Platinum in auriferous gravel. Collect the gold with mer- 
cury; boil the remainder in aqua regia, evaporate to dryness, 
then add some dilute; hydrochloric acid, boil, and filter. Add 
to the filtered solution a strong solution of sal ammoniac. 
If the precipitate formed has a bright-yellow or reddish-yellow 
color, platinum is present in the sand. 

When only 2 i)er cent platinum is present in cupellation 
the button remains flat and its s(»lution in nitric acid is colored 
straw-yellow. The iridescence is not as bright and lively and 
is more prolonged, and on solidifying the button remains dull 
and tarnished. 

Dissolve 10 grammes of finely powdered ore in nitric acid 
not necessarily concent raied. For the detection of 

Lead. — Add to a portion of the solution somewhat diluted 
sulphuric acid. A white preeijntate will be insoluble lead 
sulphate. 

Zinc,— Ammonium sulphid with the nitric-acid solution 
forms insoluble zinc sulphid. 

Blsmuth. -Water added to a portion of the nitric-acid 
solution in a small test-tube forms a white precipitate. 

Iron as ferrous salt in the nitric-acid ore solution and potas- 
sium-ferrocyanid solution fonn a white precipitate turning blue 
on exposure to air; with iron as ferric salt and potassium-ferro- 
cyaiiid solution the result is a precipitate of Prussian blue. 

Manganoso. — In tlie nitric-acid solution, ammonium sulphid 
forms a precipitate of flesh-colored manganese sulphid. 

Nickel solution forms precipitates with ammonia colored a 
deep blue; wdth potassium ferrocyanid, greenish white; with 
potassium and sodium carbonate and caustic potash, light 
green. 

Cobalt solution with/ ammonia forms a blue precipitate 
soluble in excess with a brown-red color; with potash blue, 
turning, on heating, violet and red; with potassium ferroeyknid 
grayish green. 
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Mercury solution, with caustic potash or soda, forms a yellow 
precipitate; with hydrogen or ammonium sulphid, black. 

The part insoluble in nitric acid after tlie solution has been 
decanted is heated, so as to drive out all nitric acid and dilute 
hydrochloric acid added and reheated. If to some filtered 
solution hydrogen sulphid is added and the precipitate is soluble 
in ammonium sulphid, the presence of arsenic, antimony, or 
tin is indicated. 

Arsenic.. — Arsen ious-acid solution with hydrogen sulphid 
forms a bright-yellow precipitate soluble in ammonia; with 
cupric sulphate and some alkali a brilliant yellow'-grecn pre- 
cipitate soluble in excess of ammonia is obtained. 

Antimony in its solutions with metallic zinc or iron is pre- 
cipitated as black pow'der; with metallic copper, as a shining 
metallic film soluble in potassium permanganate solution; 
with hydrogen sulphid, as powder of orange or brick-red color, 
soluble in ammonium sulphid. 

Tin as stannous-chlorid solution w’itli hydrogen sulphid and 
ammonium sulphid forms a black-brown precipitate; with 
terchlorid of gold forms purple of cassius; color brownish purple. 

39. ALLOYS OF GOLD. 



Gold, 

Per 

Cent 

Alloyed 

Metals, 

Per (3ent 

Si)ecifi(! 

Gravity 

Kemarks 

Green gold 

Eleotrum. 

Standard gold, Briti.sh. 
“ 1). S. A. and 

French. . . 

70 

80 

91.6667 

Ag30 

Ag20 

Cu 8., 33.33 

37.157 

English gold coins 

90 

Cu 10 


Gold coins, U S. A. 
and Latin union 

Hard gold 

Gray gold. . . 

87.5 

80 to 83 

Cu 12 5 

Fe 20 to 17 


Grayish yellow 


For the manufacture of jewelry, alloys of gold and silver and 
copper are used. 

Gold and Tin form alloys of a yellowdsh gray to a grayish- 
white color, mostly crystalline and brittle. 

Gold and Arsenic alloy with difficulty, but when once com- 
bined, the arsenic can only be driven off with intense, prolonged 
heat, its .vapors carrying some geld with them. Very small 
quantities of arsenic make gold brittle. 

Gold and Antimony.— Brittle, and of a grayish, gray or white 
oobr. 
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Gold and Bismuth. — Brittle, pale brownish yellow and 
greenisli yellow. (\ipel.s readily when lieated in air. 

Gold and Load. Brittle, [)ale yellow to pale sray. In cooling 
remain molten below the melting-point and solidify suddenly 
with a blight Hash Is emjiloved for eupellation. 

Gold and Zlno. Should be melted in closed \'('Nsels or part of 
tlie zinc will \olatili/.e An alloy 1 part gold, 7 parts zinc, can 
be completely \olatili/ed <»() parts gold, 1 zinc, very brittle. 
Gold 17, ziAe 1, pale greenish yellow E(]ua] jiarls \ery hard, 
white Gold 1, zinc 2, uliite, brittle An inci'easc of zinc 
makes tlie allo\ ductile. 

Gold and Cadniiutn form gray and brittle alloys. 

Gold -and Iron. -Gold 11, iron 1, pale yellow; ductile; 
specific graAity, 1().<S(S,5. Erjual parts gokl and iron, gray 
Gold 1, iron 1, white, hard, magnetic; can be tem))ered. 

Gold-cobalt. — Gold 11, cobalt I, brittle, dull, yellow^; specific 
gravity, 17 112. 

Gold-nickcl. — Gold 11 , nickel 1 ; brittle, brass-colored; specific 
gravity, 17.()()8. Other allo\s are said to bi' ductile, hard, 
yellowish white, nearly as magnetic as nickel, and take a good 
polish. 

Gold-aluminliini. — Alloys below 10 per cent aluminium are 
pale yellow, with 10 per cent they are of a Irrilliant white. 
Gold 78, aluminium 2.2, splendid purple with niby -colored 
crystals Alloys with a greater proportion of aluminium be- 
come gray in color. 

Gold-platinum. -Gold 11, platinum 1; ductile, yellowish 
W'hite. Equal pa t.s ductile, gold color. Gold 2, platinum 3, 
gray Gold 1, frkuinum 2, brittle 

Gold-palladium. — Alloys in all proportions Gold 4, palla- 
dium 1; ductile, hard, white Equal parts, hard, ductile, 
gra> ; specific gravity, 11.079. 

Gold-osmium or Iridium. -No alloys appear to be formed. 
Irid-osmium separates and sinks to the bottom as black grains 
in the melted gold. 

Gold-molybdenum. — Gold 2, molybdenum 1; brittle, black. 

Gold-tnnKstcn.— Alloys vellow, fusible with difficulty 

Gold-potassium or Sodium. — Heated together witli exclu- 
sion of air form alloys uhich are decomposed l)v water Gold 
10, potassium 90, wlien throwm on water takes fire, leavings gdd 
as black powder 
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Gold-mercury or Gold Amalgam. — Mercury and gold unite 
in all proportions. It is considered that a numher of amalgams 
of definite proportion of gold and mercury may ))e formed, 
some of which ha\o actually ])een isolated. The more or less 
pasty amalgam n'sulting from the milling of gold ore is coii' 
sidcred to he a dissohilion in mercury of one or more gold 
amalgams of definite proportion. 

The free mercury of amalgams collected from amalgamating 
plates, from amalgamating wells, and from amalgamations, and 
other sources in the mills after being thoroughly washed and 
cleaned in a muller is s<iueezed through close strong canvas 
bags, through Inick.skins or chamois leather under W'ater, leaving 
a hard, dry gold amalgam behind. The niercury scpieezed out 
may retain lietw'een 0.5 and 0 7 [)arts of gold in 1000 parts, 
while the dry amalgam reniaining in the bags will retain from 
200 to 300 parts of gold and more per 1000 })arts of amalgam. 

The amalgam is formwl into balls of from 30 to 00 ounces 
in W'cight and the mercury i.s distilled off in cast-iron retorts, 
either of the pot form, camtaining 2r)0 to 1000 ounces, or of 
the cylinder form of a capacity above this (luantity, botli being 
provided with a proper e\acuating-pipe and condensing ap- 
paratus. 

The heat of the retorts should only be raised to redness for 
a few minutes, w'hen all the mercury ha.s been distilled off. 

After cooling the retort is inverted over a sheet of strong 
white paper or a pan, to which the spongy gold will easily' be 
delivered, if the inside of the retort before operation has been 
properly coated Avith a wash of fire-clay and graphite When 
cylindrical retorts are employed the amalgam is put in strong 
sheet-iron trays also coated inside with tlio wash of fire-clay 
and graphite. , 

40. POTASSIUM CYANID PROCESS. 

Gold Extraction from Tailings. 

Apparatus. 

Preliminary or Intermediate Vats for tlie purpose of freeing 
the pulp of the slimy portion produced ip stamping. The vat 
is completely >filled w'ith w'ater and the pulp is discharged evenly 
into it through a distributing apparatus The slime remains 
suspended in the water and overflpws into a circular gutter at 
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the circumference of the vat. From 66 to 80 per cent of the 
crushed ore remains in the vat. 

Number, Size, and Capacity of Intermediate Vats Used in 
A Number of South African Works. 


NumVjer 

Diameter, 

Feet 

Height of 
Staves, 
Feet i; 

Pulp Treated 
IJcr 24 Hours, 
Tous 

Capacity of 
Each Vat, 
Cubic Feet 

4 

20 

8 

120 

2200 

2 

20 

14 

70 

4080 

2 

20 

8 

70 

2200 

2 

20 

7 ! 

85 

1885 

fi 

24 

11 

330 

4520 


From these vats the pulp, after being drained, is discharged 
througli openings in the bottom into tanks and conducted to 
the leaching- vats, 

Leaching-vats are from 20 to 40 ft. in diameter and from 
8 to 14 ft. higli. 

Tlie staves are made of selected well-seasoned lumber, 3 
to 4 ins thick. 

The bottom of deal 3" to 0" is grooved, and tongues coated 
with white lead or witli litharge and glycerin arc inserted. 

The lioops arc made of round iron from to diameter, 
tightened with nuts at connecting pieces. The bottom is sup- 
ported on wooden beams about G"X9", about 18" apart which 
rest on bed-plates li"Xll", laid on stone foundation walls 
about 6 to 7 ft. high. 

Filter.— Strips of wood li"X4", with notches f"X3" at 
intervals at the under side, are fastened to the bottom 12" 
apart l)y wooden pins. On top of these are laid crosswise 
slats 1" square and 1" apart. Around the circumference i" 
from the staves a 1" square strip forms a border. This is 
covered with cocoanut matting and burlap held in place around 
the circumference by a rope driven in the space between 
the staves and the border. The matting is overlaid by slats 
1"X3", laid 6" apart, for protection from shoveling. 

To the space below Ijhe filter a pipe is connected with branches^ 
provided with iron c^cks, leading to the precipitatihg-boxes or 
to ttfnks containing the different solutions. 

Solution Tanks. — ^There are generally three in number, 1 for 
strong, 1 for weak solutions, and one for alkaline wash. 
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They are about 20 ft. diameter and from 7 to 14 feet in hciglit. 

Precipltation>box('s are rectangular in form, 15 to 24 feet long, 
about 3 ft high, and 3 to 4 feet wide, made perfectly tight, of 
board lY' to 2" thick. 

Four such boxes are generally employed; tliey are housed 
together with pumps, macldnery, furnaces, etc., in an extractor 
house. 

Some are for the passage of strong and some for weak solu- 
tions. 

The precipitation -boxes are divided into compartments by 
double partitions so that tlie liquid flows downward between 
these partitions and upward in the compartments, the boxes 
having the necessary fall for this purpose. 

All the compartments in a box except the first and the last 
one contain removable trays of wire screen, J'' mesh, fastened to 
wooden frames, and filled with 'filiform zinc shavings, tlie bot- 
tom of each tray being about 4" from the bottom of the box. 

Through the first compartment the solution enters and 
deposits any fine slime which it may contain. From the last 
compartment the exhausted solution is conducted by pipes to 
a pump or tank. 

The precipitation l)ox is generally covered by a strong wire 
netting secured by lock and key. 

Operation of the Process. — 1. The pulp in the leaching- 
tank is covered with a 0.15 per cent solution of potassium 
cyanid in which is also dissolved about 4 ounces of caustic 
soda per ton of solution. The pumping will occupy about 
3 to 5 hours. A quiet contact of 1 hour is followed by leach- 
ing and draining for 8 hours or more. During leaching the 
pulp is always kept well covered. 

2. This is followed without intermission by leaching with 
a 0.3 to 0.5 per cent solution of KCy, potassium cyanid (strong 
solution), for from 8 to 18 hours or more. After draining, or 
from the time when only a very small stream issues from the 
vat, the pulp should be left exposed to atmospheric air for 
about 4 hours 

3 Then a 0 15 per cent potas.sic cyanfd solution is run on 
and kept circulating for from 12 to 50 hours. After draining 
of this weak solution. 

4. Wash-water is run through the pulp for about 8 to 24 

hours. 
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Quantity of Solution. 

1. Alkaline wash about 7 to 8 per cent of the fmlp treated 

2 Strong solution “ 50 to 55 “ “ “ “ “ 

3 Weak “ “ 15 to 20 “ “ “ “ “ 

4. Wash-water “ 8 to 10 “ ‘‘ “ 

Cyanid of potassium J to 1^ lbs per ton of tailings treated. 

In sorne'cases where considerable acids are contained in the 
lai.ings, produced by long exposure to air, each truckful of 
tailings is mixed with the proper quantity of powdered caustic 
lime before it is dumped in the leachiug-vat. The first wash- 
ing is then performed with water, witli which the leveled tail- 
ings are covered, and thus left quiet for fully 1 hour, when 
the leaching may start, the acids lieing by this lime fully neu- 
tralized 

While the caustic wash is draining off, the slimy film formed 
on top IS broken up witli shovels, and a strong potassium 
cyanid solution of 0.25 to 0 3 per cent strength containing about 
f lb of evanid of potas.sium per ton of tailings treated, is turned 
on and leached through for several hours. 

After draining and exposure to air, this is followed by leach- 
ing with a weak solution of from 0.08 to 0.15 per cent of potassic 
cyanid, which is continued until the pulp is apparently exhausted, 
when the final operation of w^ashing with water and draining 
dry is performed. 

Precipitation of the Gold. — From the leaching-vat a pipe 
conducts the now gold-bearing solution into one of the 4 pre- 
cipitating-) )Oxes, two of which are connecttnl witli strong solu- 
tion storage, one with the weak solution storage, and the last 
one witli the caustic wash storage-tank 

Part of tlie dissolved gold is deposited as a thin film on the 
zinc shavings in tlie compartments of the precipitating-box, 
but tlie greatest part is separated as a very fine slimy pre- 
cipitate, which falls ultimately to the bottom of the compart- 
ment. 

As the zinc shavings are consumed by this process, they 
are replenished as required 

Zinc consumed, 0.4' to 0.5 lb per ton of tailings, ounces 
sdne per ounce of gold extracted. 

Monthly Clean Up. — Clean water is run in the precipitating^ 
box to remove the cyanid solution. Starting with the 
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compartment, the zinc trays are lifted up and moved up and 
down for the removal of any adhering gold particles and then 
lifted out, the zinc removed, and the frames carefully \vash(*d 
bruslied in the water of tlie compartments, and j)laced on 
racks above so as to drip in the box. 

The water from the compartments is immjjed out to within 
about 2 feet of the slime at the bottom, into a settling-tank. 
The gold slime is collected into one corner of each compart- 
ment, and after settling for a while, the remaining li(iuid is 
pumped as much as i)ossible from the compartments in the 
settling-tank. 

The gold slimes are now scooped into an enameled iron bucket 
from which they are discharged and washed through a fine 
siev-i (900-mesh) into tin* clean-up tank. After the gold has 
settled, the chjar water is siphoned or iMimjied from the latter. 
, By removing a plug at the bottom of the tank the gold slime 
""is run into a filter-press, or on a calico or linen filter, and the 
remainder of the water filtered out. Wlnm tlie gold slimes 
can be handled with a scoop, they are dried on an iron plate 
or in an iron pot, and siibserjuently roasted. 

For roasting nitre (nitrab; of potassa) from 3 to 10 per cent 
of the precipitate may be added before drying it in the shape 
of a solution The temperature slioiild not be raisfxJ beyond 
a dull-red heat, and stirring should be performed carefully, so 
as to avoid the production of dust. 


Smelting Mixture. 



Clean 

With Zinc 

Very Sandy 

Precipitate 

. ... 30 163. 

30 lbs. 

30 lbs. 

Bicarbonate of .soda 

IS “ 

15 “ 

20 “ 

Borax 

8 “ 

12 " 

10 •• 

Sand 

5 “ 

5 “ 

— 

Fluor spar 

/ — 


2 “ 


The well-mixed charge is put in portions into a plumbago 
crucible No. 35, each successive portion Ix'iiig added when 
the preceding one is w’ell melted down. When every part of 
the charge is fused to perfect liquidity, which requires a rather 
higher heat than for melting gold alone and a ver}' good fur- 
nace, the mass is transferred to conical moulds. After the 
mass is cool the slag is hammered from the rnctal 
Several pieces of bullion, obtained in this manner from one 
«leaii up, are remelted together with borax at a low heat and 
.are cast in one ingot, avoiding liquaiion by quick solidification. 
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The slags are crushed and the metal which they contain is 
recovered by panning or cradling 

The bullion obtained ranges in fineness between 600 and 
800. It is contaminated with silver, zinc, and occasionally 
lead and carbon 

U. S. Patents Covering the Process. — J S. McArthur, R. W. 
Forrest, and W. Forrest, No 403,202, May 14, 1889. Process 
of obtaining gold and silver from ores. 

J S Mac Arthur, R W Forrest, and W. Forrest, No. 418,137, 
Dec 24, 1889 Process of separating gold and silver from ores. 

J C Montgomerie, No 532,895 January 22, 1895. Process 
of extracting gold and silver from ores. 

40a. ELECTROLYTIC GOLD EXTRACTION from Potas- 
sium Cyanld Solutions. —Siemens and Ilalske. 

The tailings of the leaching-vat are treated with about 7 per 
cent of alkaline wash followed by leacliing with about 50 to 
55 per cent of a potassic cyanid solution of 0.05 to 0.08 per cent 
strength and about 15 per cent of a potassic cyanid solution 
of 0 01 per cent strength and afterward washed with water 

Tlie precipitation takes place in four electrolytic precipitation- 
boxes, each 20 ft long, 8 ft wide, and 4 ft deep The anodes 
are made of iron plates J in thick, of a length occupying the 
whole width of the box, about 3 ft deep, so placed in the 
boxes tliat they form regular compartments of about 3 ins, 
width, through which the solution flows alternately up and 
down. They are surrounded by canvas forming electrolytic 
porous cells. The cathodes are made of thin slieet lead 2 ft. 
by 3 ft weighing about 1 lb. each sheet, three of them being 
stretched side by side on a light wooden frame, hung between 
the iron plates about IJ ins. apart, each box containing 87 
such frames 

The iron anodes are connected to a copper rod at one side, 
and the lead cathodes to a similar rod at the other side of the 
precipitating-box; the two copper rods being connected by 
conductors to the + (positive) and ~ (negative) posts of a 
dynamo, fumisliing a burrent of about 0 06 amperes -per square 
foot of cathode surface at 7 volts, requiring about one horse- 
power per ton solution treated per hour. At the “clean up/* 
which generally takes place once a month, the cathode frames 
are lifted out one after the other, the sheetaof lead now oovei^ 
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by a hard deposit of gold are removed, and immediately replaced 
by new sheets of lead in the solution. 

The gold -covered lead sheets of one “clean up” arc then 
melted together, and the gold is extracted from the lead alloy 
by cupellation 

Iron is dissolved about I 11). per ton of solution treated. 

Consumption of potassium cjaiiid in this process is about I 
lb. per ton of tailings treated. 

Extraction of line gold about 70 per cent 

40b. Tests and Preparation of Solutions. 

Determination of Caustic I.lincto u(‘utrali/e acidity in tailings 
— Put 1 klgm of the tailings in an enameled or glazed vessel, 
cover with 2 or 3 litres of water, stii, and leave quiet for a 
while Test with blue litmus paper, which will turn red if 
acid is present Add gradually from a weighed quantity 
(50 grms ) of powderenl quicklime until the red color of the 
litmus paper is again convert, ed into blue W(‘igh the remain- 
ing quicklime, which by subtraction Irom the original (luaiitity 
weighed gives the quantity of caustic lime which has to be 
added to each kilogramme of the tailings to be treated. 

Strength of Potassium Cyanid. KCy Solution. 

1. Dissolve in 1 litre of distilled water 13.03 gnns. of chemi- 
cally pure nitrate of silver 

Add this solution gradually from a burette, divided into centi- 
metre cubes and fractions, to 10 cubic centimetres (c.c ) of the 
potassium cyanid solution to be tested, until a white precipitate 
begins to be perceptible. 

Each cubic centimetre of silver nitrate added indicates the pres- 
ence of 0.1 per cent of potassium cyanid, Kt'y,in the solution 
tested. 

2 Of a strong solution from a dissolving-tank dilute 10 c.c. 
with distilled w'ater to 100 c.c In this ease each cubic centi- 
metre of the standard nitrate of silver solution added to 10 c.c. 
of this diluted-test solution indicates 1 per cent of potassium 
cyanid in the solution 

3 Fof very w^eak solution dilute 10 e.c. of the standard silver- 
nitrate solution to 100 cc h'ach tubic ceuiimetre of this 
last solution added to 10 c c o( a potassium-cyanid solution 
to be tested indicates the pres^euce of 0.01 per ceilt of KCy. 
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Preparation of Potasslum-cyanld Solutions. — ^The commercial 
article contains about 80 to 90 per cent of pure potassium 
cyanid 

Lumps of the salt are placed on a filter made of a coarse 
sieve covered with jute, and the water solution is pumped 
over it, and kept constantly circulating. The insoluble im- 
purities remain on the filter They are cliiefly composed of 
carbide of iron, and are, after washing with water, thrown away. 

Tlus constitutes a very strong storage solution from which 
the stock solutions for leaching are prepared 

If percentage of K(\v in the desired stock solution; 
n= percentage of KCy in the existing stock solution; 
rw = percentage of KOy in the storage solution; 

Q = quantity of existing stock solution; 

quantity to be added from the storage solution to the 
stock solution in order to bring it to the required 
per cent, p; 

then 3= Q 

^ \m-pl 

40c. Gold in Potassium-Cyanid Solutions. 

1. Buchanan’s method ; To 195 c c of the gold potassium- 
cyanid solution in a half-litre glass flask add a few drops of potas- 
sic-chromate solution, and cf a 5 per cent silver-nitrate solution, 
until the reddish tinge of the test indicates the completion 
of the reaction. From 10 to 20 grammes of fine zinc shavings 
are now thorouglily mixed with the solution, and from 2 to 
3 c.c of 10 per cent sulpliuric acid added In about ten minutes 
add excess of acid to dissolve the remaining zinc Filter the 
precipitate, w''asli, dry, incinerate on a roasting-dish in a muffle, 
and cupel with some lead. 

2 Cross’s method; To a litre of potassium^yanid-gold 
solution add silver nitrate in excess, filter the quickly-settling 
precipitate on a large filter After drying, put the precipitate 
in a covered crucible with flux and say about 30 grammes of 
litharge, melt and cupel the lead button obtained, and part 
the gold from the silver If the potassium-cyanid solution 
is strong, add acid to neutralize the excess of potassium cyanid, 
avoiding thereby a too large consumption of nitrate of silver 

Test of Ore for Gold Extraction by Potasslum-cyanld Solii- 
tloQs.— 1. A portion of about 200 grammes of a sample, crushd^ 
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80 as to pass a 30-mesh sieve, is shaken for about twenty minutes 
with 100 c.c. of a 0 5 per cent potassium-cyanid solution in a 
glass-stoppered bottle. 

If, after a test of a filtered-off portion of the solution, it is 
found to have 0.4 per cent strength, tlie consumption having 
been 0.1 per cent potassium cyanid of the solution, or 0.05 
per cent of the ore, the latter being double the weight of the 
solution in the test, the ore does not require prclinynary treat- 
ment before leaching with potassium-cyanid solution. 

2. If from the test of the filtered solution it is found that the 
consumption has been excessive, a fresh portion of 200 grms. 
of the crushed ore is mixed w'ith water in a stoppered bottle, 
and a solution of 10 grms. of commercial caustic soda in 1 litre 
f>f water is gradually added from a graduated burette, and 
the mixture shaken until a drop of the licjuid from a glass 
rod dipped in it will turn red litmus paper sliglitly blue. Each 
cubic centimetre of the caustic soda solution added will indi- 
cate I of the same quality of the soda to be needed 
to neutralize the cyanid-destroying substances in one ton of 
2000 lbs, of the ore, 

3. If this test should show that more than 3 lbs. of caustic 
soda should be needed per ton of ore, then another sample 
of 200 grms of ore should be water-washed before adding the 
caustic-soda solution, and the neutralizing proportion for this 
washed ore determined. If this should show a reduction of 
the quantity of caustic soda required per ton of ore, then the 
ore should be washed before treatment with the caustic-soda 
solution. 

Cyanlcid is the technical term employed in this process to 
express the quantity in pounds of caustic soda needed to neu- 
tralize the potassium -cyanid-destroying substances in one ton 
of 2000 lbs ( f ore. 

4 Copper in the ore is detected by adding to the filtered 
solution of No. 1 nitric acid, evaporating to dryness, redis- 
solving in a little more nitric acid, diluting with water and 
precipitating with ammonia, the presence of copper being 
indicated bv the blue coloration of the liquid. 

5 The time necessary to expose thq*ore to the action of the 
potassium^yanid solution and the proportion of gold extracted 
are determined by weighing out a number of samples, each 
<)f about 200 grms., subjecting 'them to the preliminary treats 
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meiit with alkali wash or water indicated by the above tests, 
then adding 100 c c of 0 5 per cent potassiuiii-cyanid solution 
to each sample in a convenient vessel, which may be a lamp- 
chimney stoppered at one end b\ an india-mbber stopper, 
provided with a short glass tiilang, closed by a sliort piece of 
rubber tubing and o. burette clip The stopper is covered on 
the inside with a filtering material which hum be filtering- 
paper. a pieec of sponge, or asbestt>s fii)re 

One sample is oxf»osed to tin; action t)f the potassic-cyanid 
solution for one day, tiie second for two days, tlie third for 
three days, etc 

The solutions are successively drawn off and each tested for 
its contents of potassium cyanid; the samples of ores so treated 
are successively washed and each sample is assayed for the 
gold left in it. 

A sample of original ore, not subjc‘ctcd to any solution treat- 
ment, should previously be assayed to determine the gold con- 
tents in the ore. 

A comparison of the a.ssay after treatment, and the assay 
before treatment, wjll then determine the percentage of gold 
extraction by the process employed 

Detection of Arsenic and Antimony. — Put some pure zinc 
in a small flask containing distilled water acidulated with pure 
sulphuric acid, close its neck with cotton wool, and hold over 
it a sheet of moist tissue paper freshly covered with a solu- 
tion of bichlorid of mercury If only hydrogen is cn olved no 
change takes place in the color of the pa})cr, if arsenic or any 
of its compounds is placed in the flask a lemon-yellow spot 
appears whicli gradually becomes pale yellowisli broyvm. Anti- 
mony compounds introduced iu the flask produce a brownish- 
gray spot 

40d. Detection of Traces of Gold in Minerals.— A finely 
powdered sample of tlie mineral is mixed with an alcoholic 
iodine solution well shaken and allowed to subside After a 
while a piece of Swedish filter-paper is dipped in the liquid, 
dried, and burnt to ash The presence of gold is indicate;^ 
by the purple color of the ash, which will be white if no go^ 
is present 

Pyrites are roasted and subjected towards the end to a bright- 
red heat, so as to decompose the ferruginous sulphate. 
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41. ELECTROLYSIS. 

Electric Insulation. 


(Substances approximately ranged m order of their relative power of 
insulation for eleetneity.) 


1. 

Ebonite 

11. 

Mira 

21. 

Lime 

31. 

Dry wood 

2 

Shellac 

12 

Silk 

22. 

Dry gases 

32. 

Alctihol, ether 

3 

Caoutchouc 

13 

Wool 

23 

I )ry steam 

33 

Pain-water 

4 

Gutta percha 

14 

Hair 

24. 

Phosjihorus 

34. 

Spring water 

5 

Amber 

la 

Feathers 

2 r>. 

1‘ntl V oils 

3.') 

Se%^watcr 

() 

Itesin 

m 

Itiv papei 

20 

Div metallic 

3(5 

Grai>hite 

7 

Sulphur 

17 

Leather 


<i\id 

37 

lint tie metals 

8 

Wax 

18. 

Poreelairi 

27 

Straw 

38 

Diirtde metals, 

9 

Agate 

19 

Carnrihor 

2K 

lee at 0° C 


lead 

10. 

Glass 

20 

Chalk 

29 

P,‘U)er 

39 

Platinum 





30 

Muihle 

40 

Silver, copfier 


Rosi.stancc of Llquicl.s. Copper = 1 at 0'^C = 33°F. 


Nitric acid at 55^^ Fah - 12 <S° (\ . . . . 976,000 

Sulphuric add dilulcd to al t)<S° F =20° (' .... 1,032,000 

Chlorid of sodium .saturated .solulion 06 ° F ==13 3“(’. 2,903,^38 

Sulpliate of zinc saturated . solid ion . .... 16,861,267 

Sulphate of coiiper at 18° F. - 9° C 1 6,886,320 


Distilled water at 69° F =16° C 6,764,208,000 

If the resistance of silver is 1 , tlie resistance of gutta percha 
oi the same diameter and length = 860 X I O'" 


Belativc Conducting Powers for Electricity of Pure Metals. 
I)r. Math IE, sen. 


Silver 

100 

Cobalt 

17.2 

J Antimony 

4.fi. 

Copper 

99.9 

Iron 

16 8 

1 Mercury, . . . 

1.6 

Gold 

77.9 

Nickel 

13 1 

1 Bismuth 

1 2 

Zine 

29 

1’in . . . 

12 4 

Graphite 

0 069 

Cadmium 

23 7 

Thallium 

9.2 

1 Gas coke. . 

0 038 

Palladium. . . . 

IS 4 

Lead 

« 3 

j Bunsen coke. . 

0.026 

Platinum 

18 

Arsenit/. ... . 

4 8 

i 



Electrolytical Nomenclature. 

M Fakaday 

Electrolysis. — The decomposition of a laiuid by an electrical 
current. 

Electrolyte, — The ,li(iuid or solution •wihicli i.s acted upon by 
electricity ^ 

Electrodes.— The conductors immersed in the liquid or 
electrolyte- 
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Anode, or Positive Pole. — ^The conductor through which the 
electric current enters 

Cathode, or Negative Pole. — The conductor by which the 
electric current leaves. 

Ions. — The elementary substances which are set free by the 
action of the current on the liquid. 

Anions, or Electro-negative Substances. — Tlie elementary sub- 
stances, wlii/!h appear at the anode or positive pole: Metalloids, 
pe oxids, acids 

Cations, or Electro-positive Substances. — Those which are 
evolved at the cathode or negative pole: Metals, alkalies, and 
bases. 

Bcgulinc Metal. — Metals having qualities similar to castings 
of the same substances. 


Generalities. 

The quality and purity of the deposited metal is determined 
by the composition of the electrolyte Metals in the reguline 
state are deposited only from a few liquids, and thick layers 
have been obtainable so far only from 3 or 4 electrolytes. 

Copper, antimony, and silver are most easily obtainable in 
thick layers. 

Gold, platinum, nickel, zinc, tin, cadmium, and lead are 
usually only deposited in thin films or layers or in rough nodules 
and crystalline forms Most of the reii aining metals have 
so far only been obtained as a dark powder 

Some electrolytic liquids have to be heated, and some con- 
tinually stirred while in operation. 

Antimony, and, in a loss degree, iron and nickel, while being 
deposited are liable to crack and curl up. 

Iron forms an extremely hard deposit, and nickel becomes 
sometimes so hard that it cannot be burnished 

Copper and even gold, when electro-deposited, are remarkably 
hard 

Electro-deposited metals are more or less crystalline and 
porous They cannot be used for tight vessels without anneal- 
ing and they do not protect surfaces from oxidation. 

Seams can not be closed or edges joined by electro-deposition. 
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Electrolytic Solutions for Nickel-plating. 


Material 

; Klgro. 
or 

Litre 

Preparation 

Authority 

Sulphate of nickel and am- 
monium . . , 

1 

Di.s, solve to .saturation; fil- 

1 Adams 

Distilled water 

10 

ter after cooling 

j Gaiffe 

Sulphate of nickel and am- 

0 4 

Dis.soIve sefiarately in part 

1 Kim ore 
lioseJeur 

raonium. . . 

Carbonate of ammoiiinm. 

0 .3 

ol hot water I’our carbo- 
nate into nickel solulion 


Distilled water. 

10 

until neutralized 


Sulphate of suboxid of nickel 

2 

Heat to boiling-point, then 

Weiss 

Chlond of animoniurn , . 

1 

neutralize wulli strong am- 


Citric acid 

0 1 

monia until tesf-paper> 


Distilled water 

50 

show only faint acid rcac 


’ 

Nitrate of suboxid ol nickel 

4 

tion 

J)is.solvc the nickel salt in 

Boden 

Solution of cau.stic ammo 
nia. . . 

4 

ammonia: the sodium sul- 
phite in water ; mix 


Acid sulphite of sodium.. 
Distilled water. . . 

Sulphate of nickel and am 

50 

1.50 _ 

Dissolve in the boiling wa- 

P^sille 

monium 

0 08 

1 tei ; cool, and filter 


Distilled water 

1 

1 



Preparutluu tor Nickel-plating. 

1. Scouring bath for rough castings: 

Sulphuric acid 0.25 litre 

Water, hot 10.00 litres 

Potash bath: 

Potash 1 kilogramme 1 , 

Water 10 litres J 

2. Cyanid bath: 

Potassic cyanid 0.5 klgrm. 

Water 10.0 litres 

3. Whiting bath : 

] Add to the nitric acid 
in earthenware the 
sulphuric acid, then 
the soot, and finally 
the salt Avoid the 
fumes of the hot 
mixture. 

Hydrochloric acid bath for iron or steel : 

Substitute for po- 

Hydrochloric acid 1 litre tassic cyanid in 

Water 5 “ the treatment of 

iron. 


Litres 

Sulphuric acid 2 

Nitric acid 1 

Soot calcined by volume. ..0.1 
Sodium clilorid by volume.. 0.1 
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6. Dipping copper bath; 

Sulphuric acid 0.1 klgrm. 

Sulphate of copper 0.1 “ 

Distilled water 10 litres 


Dissolve the sul- 
phate in hot 
water, add the 
acid. 


6. Coppering bath for zinc: 

Acetate of copper crystallized 0.25 klgrms. 

Carbonate of .soda 0.2 “ 

Bisulpiiid of soda cry.stals 0.2 “ 

Potassic cyanid 0.3 ‘ * 

Water distilled 10 litres 

Keep boiling when in use. 


Anodes for nickel-jdating when .soluble should be made of 
rolled bars of pure nickel; when in.solublc, platinum is everlast- 
ing, carbon anodes disintegrate in the bath and produce trouble. 


Electrolytic Solution for Silver-plating and Solutions for Prep- 
arati<»n of Arlieles. 


Material 

Klgru.s 

or 

Litres 

Preparation and Use 

Authority 

Potassio cyatud 

0 5 

DLaolvc pure Kraiiulatcd sil- 

lloseleur 

Silver cyanic! 

1) 2.'i 

ver in hot nitric and (40°), 


Distilled water 

10 

eva|K)iate, dissolve the .sil- 
ver nitrate in 10 or 15 times 
its weixlit of water; add 
hydrocyaiuc acid until pre- 
cipitate cea.ses to be 
formed. O'Hect the silver 
cyanid on a filter 

Oleansing before plating 


Potash or caustic soda. . . 
Water 

1 

10 

ll.se boiling hot 

JMckling 


Sulphuric acid 

1 

Rin.sp well after using this 


Water 

10 

bath. 

Scouring 


1. Nitric acid (36'*) 

10 

Immense in 1 


Sodic chlorid 

0 2 

Rinse in running water, then 


Lampblack 

0.2 

quickly immerse in 2 and 


2 Nitric aidd (30°). . . . 

6 

rinse m pure water several 


Sulphuric acid (60°). . . . 
Sodio chlorid 

0 2 

0 2 

times 

Amalgamation 


Dioxid of mercury 

0 1 

Put the oxid in the water; 


Water 

Sulphuric acid, pure 

10 

add acid until complete so- 
lution Immerse for a few 
seconds and rinse 

Oxidation for antique silver: 
The .silver-|)lated object is 
brushed with a camel's-hair 
brush and a .solution of 
platinum chlorid in sul- 


Sulphate of copper 

2 

phuric. ether, alcohol, or 


Potassic nitrate 

Ammonia hydrochlorate, 

1 

cold water, then covered 
with the sulphate of copper 


dissolved in acetic acid. 

2 

solution 



Maximum eleotrumotive force 2 to 3 volts. 

IlnTimiim fliirrAnt hap ROiiH.ril iTMitrA'cilf fiathnHA. AO V 
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Solutions for Gold-plating and Preparation of Object to be 
Plated. 


Substances 

Klgms. 

or 

L tres 

Preparation 

Authority 

1. Gold to be dissolved in aq. 
regia (2 hydrochloric acul, 
1 nitric acid ) 

Potassic cyanid, concen- 
trated 

0 0023 

Tlie gold chloiid after evap 
oration to dryness is dis- 
solved in 30 cc (li.stilled 
water, potas.sic cyanid add- 
ed, .‘'tilting witli gla.ss Jud 

Watt 

Distilled water 

1 1 

liixniatc precipitate, ic 
di.sNolvc in pota.ssic cy- 
anul, dilute to 1 1 litre 


2. Gold chlorid from gold 

Ammonia 

Potassic cyanid 

0 0023 

Dissolve in distdled w'alet 
30 c c piecipil.'itc w'ith 
animonui, disstihe the pre- 

Watt 

Distilled water 

1 1 

cipitate with potassic cy- 
anid solution, dilute to J.l 
litie 


3. Gold, pure 

0 01 

Tian''foim the gold into 

Roseleur 

Potassic cyanid, i>ure. , 

0 2 

chloiid with aqua regia; 


Water distilled 

10 

dis''oIve ill 2 lilies of wa- 
ter. Dissolve potassic 
cyanid in 8 htics, nii.v the 
two solutioii.s, boil for 30 
imnules; ust' cold, main- 
tain the solution by adding 
[lotasMC eyanid and gold 
chlorul in about etiual pails 


Hot process 50° to 80° ('. . 


Dissolve the sfidic phos- 

Roseleur 

4, Sodic phosjihatc .... 
Sodic bisulphite . . . 

0 () 

phate ill eight hties of hot 


0 1 

vvalei, and the gold ehlorid 


Potasi^io cyanid. . . . 

'' Gold (tramsforni to chlo- 

0 1 

cold in J litre of water; 
mix giadually. Dissolve 


nd). 

0 01 

the potassic eyiinid and 


Water distilled 

10 

.sodie busulphilo in 1 litre 
of w’ater; mix the two solu- 
tions 



Solutions 3 and 4 contain 1 grin, of gold per litre. The 
deposition can take place at the rate of 0.25 or { grrii. per hour 
and per square decimeter. 

Green gold is obtained in a bath containing from 5 to 6 gnus, 
of gold per litre, a plate of silver being used as soluble anode, 
until the green tint of the deposit is obtained, when the silver 
anode is replaced by one of green gold. 

Red gold: Use a soluble copper anode and substitute when 
the proper color is obtained an alloy of gold of the color re- 
quired. 

Maximum electromotive force, 1 volt. 

Maxinium current per square metre 5k cathode, 10 amperes 

Prellmlnitry Treatment of Articles to be Gilded. — Substan- 
tially the same as for silver. Copper and its alloys can be gilded 
directly without amalgamation i Silver may also be gilded 
.directly, but is often covered with a preliminary film of copper. 
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Final Treatment of Gild Articles for Coloration. 


Substances 

Parts by 
Weiftht 

Preparation 


1. Alum . 

1 a 

Make into a pa.ste. Brush 


PotasHic nitrate 

6 

the objecis with this 


Sulphate of zuic 

i 3 

paste, heat on an iron 


Sodic chlorid 

' 3 

plate until nearly black, 
then wash in water 


2. Sulphate of copper. . . 

! 3 

PulvcriiM* the .solids and 


VerdiRria. e 

Ammomc hydrochlo- 

i ^ 

mix; then add the acid, 
.stirring the mass. Dip 


rate. , . 

6 

the articles anti heat on a 


Potassic nitrate 

0 

.sheet of copfier until they 


Acetic acid 

,31 

beKiii to blacken Cool, 
then tlip in suliihurie acid, 
and wash 



Gilding by Immersion. 


Substances 

1 Klgrns 1 
1 or Lit res 

Ihepaiation 

Authority 

Potassic pyrophosphate. . 
Hydrocyanic acid, 1 to 8 

0.800 

! After proper nreparation, 

[ immerse the articles to be 

lloseleur 

water. 

0 OOS 

1 gilded under const ant stir- 


Auric perchlorid 

Distdled water 

0.020 

10 

ring for a lew seconds 



Coppering. 


i 

Sub.stanccs 

Klgms 

or Litie 

Pieiiaration and Use 

Authority 

For Coppering zinc 

Sulphate of copper 

Ammonia (den.sity 0.880) 

Potassic cyamd 

Distilled water 

0.230 

1 

The copixir .siilpliate is dis- 
solved in 1 litre of hot 
water. When c<>Id, stir- 
ring well, while adding 
ammonia until the pre- 
cipitate at first forming is 
redi.ssnlved Tfien add 

concentrated solution of 
potassic cyanid until the 
blue color has completely 
disappeared. Used at 50" 
to .55" C. 

Watt 

Cupric acetate 

Sodic sul|>hite 

Potassic evanid 

Ammonia. 

Water distilled 

0..35-0 45 
0 3 -0 1 

0 .5 -d) 7 

0 2 -0.15 
25 

The fir.st column is for large 
Iiieces, the second for 
small pieces 

Roseleur 

Coppering iron: 




1. Cupric sulphate 

1 

Dksolve separately in the 

Schlum- 

Sodic sulphate 

Sodic carbonate. . . . 

Watar 

2^ Cyanid of potassium 
Water 

1 

•2 

'l?, 

3 

12 

quantity of water, and 
mix the two solutions 1 
and 2: used for copper- 
ing rollers; for calico- 
printing 

berger 
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Deposition of Iron. 


Substances 

Klgms. 
or Litres 

Preparation 

Authority 

Best quality iron wire. . . 
Hydrochloric acid 

0 000 

0.055 

Dissolve the iron in the 
acid with excess of iron 
and the ap|)lication of 
heat; near tlie end add 
the ammomo ehlorid; di- 
lute, add a little givecrin 

t 




l)epn.sltion of Tin. 

Substances 

Klgms. 
or Lit rt‘s 

Preparation 

Authority 

a. Stannous chlorid. . . 
Water distilled. 

b Caustic pota^h 

Water. ... 

c, Sodic pyrophosphate. . 

Water 

d. Potassic cyanid. . . . 

0 19 

0 5 

1 5 

10 

1 5 

3 ' 

1 5 

Prepare each solution sepa- 
rately Pour h into a, 
stirring with a glass rod; 
add d, then finally add c, 
keep the solution agitated 

I'earn 


Preparation of Potassium and Siiver Cyanids. 


Substances 


K Ignis, 
or Ijitres 


Preparation 


.Authority 


Cyanid of Potassium. 


o. Ferrocyanid of Potas- 

tassium, dry 0.9 

6. Carbonate of potash, 

dry 0.3 


Cyanid of Silver. 

o. Silver, pure granulalcd 
h. Nitric acid, concen- 
trated 

c. Water, distilled. . . 

d. Cyanid of potassium 


0.030 

0 120 
0.030 


Dry a on a clean sheet -iron 
plate over a slow fire, stir- 
ririK to firevciit caking, 
mix with b, also perfectly 
dry Put the mixture in 
a red-hot ca^t-iron cruci- 
ble; when fused stir with 
a clean iron rod lor 15 min- 
utes, or until the liquid on 
cooling on ^ the iron rod 
appears white or grayish, 
if a new crucible is used. 
Itemove, let settle, and 
pour the clear liquid in an 
i«m vessel; scrape the 
sediment from the cruci- 
ble while yet hot 
Mix b anrl c, and dissolve a 
with heat. Dilute with 
water, add d ur til precipi- 
tation ceases After set- 

tling, decant. Wash the 
precipit ate by adding wa- 
ter apd decanting 3 or 4 
times • 


Liebig 


Preparation of Silver Solution by Electrolysis. — For every 
litre of water contained in a tank dissolve 10 grms. of cyanid 
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of potassium. In porous cups in this solution, and containing 
the same solution, place sheets of iron or copper serving as 
cathodes. In the solution in the tank place sheets of silver 
as anodes. Connect the latter to the positive and the cathodes 
in the porous cui)s to the negative ix)le of a battery. 

Gold Solution by Electrolysis. — Dissolve for each litre of 
water 30 grms of cyanid of potassium and heat to 05° C.— 
150° F Place in the tank containing this solution porous 
cups filled witli tlie same solution. In the porous cups put 
sheet-iron or sheet-copper cathodes, and in the solution in the 
tank sheet gold anodes; connect the cathodes to the zinc, 
and the anodes to <lie cop])er, of a battery. 

Solutions for gilding are made to contain from 4 to 9 grms. 
of gold per litre. 

42 . GALVANIC OR ELKOTROCIIEMICAL 
BATTERIES. 

Arrangement of Names of ('hemical KiiEMENTs, so that 

THE F0LL()W1N(J SHALL RE CONSIOElllC!) AS KlECTRO- 
NEG.ATIVE TO THE' PRECEDING 


Positive. 


1 HydroKcn 

9. Iron 

17. Carbon 

1 25. Sulphur 

2. PotasHuira 

It). Nickel 

IS. Platinum 

2fi. lodin 

3 Sodium 

1 1 Cobalt. 

19 1 ridium 

27 Bromin 

4 Magnnsium 

12 Lead 

20. I{h(,dium 

28 Chlonn 

6 Aluminium 

13 Copper 

21 NitniKen 

29. Oxygen 

6 Zinc 

14 Sdver 

22. .\nfimoiiy 

30. I'luftriu 

7 Cadmium 

1 5 Palladium 

23. Tellurium 


8 Tin 

10 Gold 

24. Selenium 



Negative. 

Tables of Galvanic Cells, 


The main types of such cells and the principal modifications 
thereof are arranged in tabular form. Eacli number con- 
stitutes a single cell wliieh, for single-fluid cells, is composed 
of the positive and negative elements and the necessary ex- 
citing and conducting solution, all contained generally in a 
glass, or in some other insulating jar In double-fluid cells one 
of the elements is placed in a porous cell in a solution different 
from the surrounding stjlution containing the other element, 
both being contained in an insulating jar. Batteries con- 
sisting in troughs containing a multiplicity of pairs of elements are 
not represented in the tables. 
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The chemical symbols are used as abbreviations to designate 
the substances without reference to the atomic weiglit implied 
therein in chemical formulas: Ag= silver; C = carbon; C\i = 
copper ; Fe = iron; Hg = mcrcur}^; Mg =- magnesium; Mn=- 
manganese; Pb^^lcad; Pt-= platinum; Zn = zinc; AZn = amal- 
gamated zinc; AgPt-- platinized silver; CPt-- platinized 
carl)on; Mn( > 2 = manganese ])ero\id; Pb ()2 = lead dioxid 
Acids; HgSO^^sulfihuric; 11(1 chlorhydric; IJNOs^nitric; 
Cr() 3 = chromic acid, etc Bases; HK(.)-^ caustic potash; 
HNa()=caustic soda, etc (liloiids; N 11^(1= ammonium 
chlorid, chlorhydrate of ammonia, vr sal ammoniac; (’aCl = 
calcium chlorid; Nad ^-sodium chlorid, common kitclien salt; 
Mgd = magnesium chlorid; Znd- zinc chlorid, etc Various 
salts: (.XiS(_)^= copper sulphate; ZnSO^-- zinc sulphate; MgSO, 
— magnesium sulphate; KN( potassium nitrate, saltpetre; 
NaNOa-sodiuin nitrate; K( 10 . 5 =- potassium chlorate; KgfVjO; 
== potassium bichromate; Na,( > 207 -= sodium bichromate; 
KMnO^ = potassium permanganate; NaMid^^-^ sodium per_ 
manganate; Nall^f //),,— sodium bitartrate; NaoSiO.,- sodium 
silicate; Fco-'lCSO^l-iron suljihate; ITg^SO^ — mercury sulphate 

Amalgamate zinc: Scour the zinc with a solution of wash- 
soda; rinse iii clean water; apply a drop of mercury to the sur- 
face of the zinc and spread the same by niblnng; repeat the 
application of mercury until the surface acquires a mirror- 
like lustre. 

Remarks: In 4 and 5 the AgPt and CPt, or platinized silver 
and platinized carbon, arc the result of immersing the plates 
in a solution of platinum chlorid or l^t ammonium chlorid 
End, after drying, subjecting thorn to sufheient heat to leave 
metallic platinum in a finely divided state disseminated over 
the surfaces of the plates, with the object of providing a great 
number of fine points for the disengagement of the hydrogen 
With the same oliject the C velvo in G is composed of a carbon 
plate covered by carbonized cotton velvet, the nape of the 
velvet forming tire outside surface. 

In 11, Hg, the mercury, covers the bottom of the containing 
glass jar; the paste of chemicals is placed over it, and the 
zinc superposes the paste. An iijsulated conducting-wire 
leads out of the jar from the mercury at the bottom. 

In 12, the surfaces of the lead plate, Pb, are covered with 
lead dioxid, PbO^. 
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Year 

1800 

1813 

1828 

1836 

1859 

1894 

1839 

1841 

1890 

1884 

1887 

1882 

1868 

1894 

' Authority 

Volta 

Wolaston 

Kemp 

Smee 

Walker 

Barnett 

Poggendorf 

Grenet 

Fermoy 

Clarke 
Rayleigh 
Reynier 
Kingsland 
De Larue 
Pabst 

De Larue 
Lalande 

Leitner 

Leclancht^ 

Lacombe 

E. 

Volts 

0.47 

0.66 

0.5 

1.9 

1 9 

1.44 

2.36 

2.35 

1 

1.3 

0 98 

0.8 

1.48 

J 

0 

0.07 

0.07 

0.02 

1 

0.06 

1.5 

Exciting Solution 

1 

c 

IN 10 ‘0»0 

OOOlN(Nr-iO POQO O • O 

.1 rH r-l T-t 1 r-l N 00 ^ tO 'll lO'O 

CO 

V 

1 

i 

.d 

O 

« 

lOCO cw 

OOOOOOOUO^OlCO ooo o 

^^^^,_(^.HOF-NCOWeOWfO M 

Chemical 

Compound 



Condi- 

tion 

1 plate 

1 plate 

1 plate 

2 plates 

1 plate 

2 plates 

1 plate 

1 plate 

1 plate 

1 plate 

top 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 
cylinder 
rod) 

iNeg 

Sub- 

stance 

Zn 

Zn 

AZn 

AZn 

AZn 

AZn 

AZn 

AZn 

AZn 

AZn 

Zn 

AZn 

AZn 

AZn 

AZn 

AZn 

Zn 

Zn 

Zn 

AZn 

(AZn 

Poles 

'e 

Condi- 

tion 

1 plate 

2 plates 
2 plates 

1 plate 

2 plates 

1 plate 

2 plates 

1 plate 

1 plate 

2 plates 

bottom 

2 plates 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 plate 

1 rod 
cylinder 

Substance 

385 ’^^JO o o o 


Kefer- 

ence 

Number 

-ic^w'fl'ioco 00 ® o jH JJSJSIhSJh ' 



OALVANIC OR ELECTROCHEMICAL BATTERIES. 179 

In 13, lithanode is prepared by forming a stiff paste with 
a mixture of dioxid of lead, PbOj sulplmte of ammonium, 
NH^SO^, and glycerin, pressing tliis paste into plates and 
baking them dry 

In 14, 19, 20, tfie carbon surfaces arc surrounded by a mix- 
ture of equal parts of carbon, in grains, and of manganese per- 
oxid, also in grains, contained in a canvas bag, or in a porous, 
unglazed porcelain cell. In 20, (lie ta.bon has tlj^ form of a 
cylindrical ring surrounding the porous cell containing tlie 
zinc; the annular space between the carbon nng and the porous 
cell is filled with the compacted mixture. 

In 15, 10, 17, the metal surface's are covered with the oxids 
or chlo rid indicated. 

Double Fluid Cells. — The two fluids may be separated by 
a porous cell, generally of baked unglazed porcelain clay, or a 
carbon electrode may be formed into a porous cup, or tlio two 
fluids may be separated by gravity, the lighter floating on top 
of the heavier solution. 

In the table, parentheses, ( ), indicate that the electrode 
and solution, the symbols of which are contained therein, are 
in the porous cup; the same symbols italicized indicate that 
the said electrode and solution are superposed to the other 
electrode and solution in gravity cells. Abbreviations and 
symbols have the same meaning as in the tables for single 
fluid cells. The letter s in the columns of parts signifies 
that the solution should be kept saturated, that, therefore, in 
such cases provision should be made so that there is always a 
certain amount of the respective chemical salt present for 
solution. 

In 5, NaC^HjjOj^ sodium bitartrate. In 0, the porous cell 
was made of parchment pappr In 11, NagSif >3= sodium silicate. 

In 14, two additional porous cells of small size were put in 
the jar; one containing crystals of potassium chromate KjCrjOy, 
the other containing sulphuric acid 112804. 

In 15, the cylindrical zinc concave surface is parafined so 
that only the convex surface opposite the carbon is active. 

In 16, .the 4 carbon plates are suspended from the cover of 
the jar. 

In cells like 7, 8, 9, 10, 12, 17 where nitric acid is used as 
the oxidizing agent, nitrous acid fumes are emitted, when 
“tile battery is in action; the connections of the conducting 



Double-fluid Cells, 


180 MINERALS AND METALS. 


Year 

1836 

1839 

1880 

1839 

1840 
1842 
1879 

1881 

1885 

1886 

1890 

1867 

1882 

Authonty 

Daniel 

W Thomson 
Meidinger 
Calland 
Eisenlohr 
Revnier 
Grove 
Bunson 
Archeieau 
D'Arsonval 

D^e 

Thomson 

Baudet 

Howard 

Kousmine 

Rouillon 

Willranta 

Davy 

*a 0 
> 

1.079 

1.4 

1 96 

1 96 

1 9b 

2 

3 5 

1.87 

1.8 

1.52 

R . 
Ohms 

0 075; 

0 08 

0 08 

0 05 

1 

Negative Pole 

Solution, Parts 

"5 

12) 

12 

3) 
12 
12) 
12 
13) 

) 

20 

4) 

) 

10) 

12 

100 

1 

Salt or Acid 

1 

1 

1 

1 

1 

i 

s 

1 

1 

1 

1 

8 

0.1 

^ «5 » 

<5c? P Oi^cc^dd 2 - d 9 d ddCd 

m “I 1 S 

Form 

rod 

rod 

rtng 

rod 

ring 

1 plate 

2 plates 

1 plate ; 

cylinder 

rod 

1 plate 

1 plate 

1 plate 

1 plate 
i cylinder 
cir. grate 
cylinder 
cylinder 
cylinder 

Sub- 
; stance 

(AZn 

AZn 

AZn 

AZn 

AZn 

(AZn 

AZn 

(AZn 

AZn 

(AZn 

(Mg 

AZn 

(Cu 

(AZn 

(AZn 

AZn 

AZn 

AZn 

AZn 

J2 

u 

1 

Solution. Parts 

Water 

£0£ S 1 2—. 

-g 

Salt or Acid 


C + » t-, ^ . 

dd d oddddd5c5''5“9o^d^?*^^io 
uu o 

K 

Form 

cylinder 
cir. plate 
cylinder 
cylinder 
cylinder 
2 plates 

1 plate 
cylinder 

1 rod 
cylinder 

cylinder 

cylinder 

cyl. or pi. 
cyl. or pi. 
cylinder 
4 plates 

1 plate 
plate 
rod 

Sub- 

stance 

aoOCuUOO O O O O D .0>?00 


Refer- 

ence 

Ntimber 

»-iN w ^«n®Noo®o ju S5 S S 255*2 
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wire with the electrode should therefore be carefully made and 
well covered with several coats of acid-proof varnish. 

The top of carbon electrodes should be electrolytically covered 
with a film of copper and the conducting connection carefully 
soldered to this plating, and all metallic parts liable to be 
exposed to corroding fumes well varnished Applicable to 
cells with sal ammoniac solution and those using hydrochloric 
acid. 

Dry Cells. 



Carbon Rod, 

Zinc Vessel, 





0 

Depolarizing^ Paste 

Exciting Paste 

!{., 

E.. 

Author- 

Yr. 

Z 







Ohms 

Volts 

ity or 

s 

Ingre- 

Pts. 

Affiilom- 

Ingro- 

Pf.s 

Agglrini- 


Inventor 


dients 

e rat or 

dients 

erator 





1 

Mn 02 

C 

1 

8 

water 

( aSO., 
NtbCI 

3 

0 5 

water 

0 T) 

1 5 

0 . 'issuer 

1886 


ZnSO. 

NH^Cl 

0 'j 

Klyrenn 

Zn(’i 

-1 







0 5 








2 

MnO. 


water 

NIDCl 








C 



CaCI 


gelat in 

0 ir, 

1 50 

Hel lessen 

1800 





Zn('l 







3 

Mn 02 



NIJ,{’1 

2 

gl.\ cerin 

0 1 





C 


glycerin 

Mg('l 

1 

1 water 

to 

1 5 

Britiish 



NH 4 CI 


water 

CaSO, 

(i 5 

1 flour 

0 75 




4 

MnOo ! 



Mg(’l 


iglycerin 






C 



Mg( ) 


1 uihI 



Mehner 

1889 




1 

NH^t'l 


water 








1 









Remarks. — In the dry cells repr(‘.s<*nted in th(‘ foregoing 
table the zinc electrode is in the form of the \essel ctuitain- 
ing all the other parts of (he cell. For insulation this zinc 
vessel is covered witli thick strong paper or witli a good (piality 
of thin paste-board, well vamisluHl over the whole outside 
surfaces Bottom and sides of the zinc ves.sel inside are lined 
with a thickness of about lanch or more of the exciting paste 
indicated in the table, leaving about one inch on top bare. 
The carbon rod should extend sufliciently above the top of 
the zinc vessel for convenient attachment of the conducting 
wire; this rod is placed centrally in the vessel, on a thickness 
of depolarizing paste at the bottom, and the space lietween 
the vessels exciting lining and the carbon is filled with the 
compacted depolarizing paste, to the si^ifie height as the excit- 
ing paste. Xln top of the pastes a thin layer of loose mineral 
wool, or asbestos, is placed, on which two small and short j ieces 
of glass tubing are set up dianaetrically opposite euch other. 
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so as to form holes for the escape of gases. By filling the space 
to the top of the' zinc vessel with molten pitch or asphaltum, 
the cell is sealed; connection ot the zinc vessel with a con- 
ducting wire by soldering having previously been made. 

In 2, two concentric zinc vessels are provided, the annular 
space between them l>eing filled with mineral wool, a.sbestos, 
or sawdust; a number of circumferential holes are made just 
above the pjastea in the inner vessel, and similar holes near 
the bottom of the outer vessel for the escape of gases which 
may be evolved. No o[)enings are in the sealing pitch in this 
case. 

In 1 and 3, CaSO^ = calcium sulphate, or plaster of Paris, acts 
in reality as an agglomerator, in which capacity gelatinous 
hydrate of silica has also been used. 

Dry cells with pastes requiring more or less chemical opera- 
tions and manipulation liave been omitted from the table, 
as such complications are not proper to be put into tabular 
form. 

43. IRON AND STEEL. 

IRON ORES. 

Chemical Compositions and Physical Properties. 


Mineralogical 

Name 

Chemical 
Formula of 
Pure Ore 

Iron 

per 

Cent 

Water, 
HoO, 
Carbon- 
ic Acid, 
(X)2. 
Sul- 
phur, S 

Hard- 

ness 

3p. 

Gr. 

('olor of Powder 

Hematite ... 

FejO^i 

70 


0 

5 5 

lied -brown 

Limnite - . . 


r,2 31 

25 32 

5 5 

4 

Yellowish brown 

Xanthosidenle 

Fe:,OM2{H..()) 

r)7 14 

18 .37 

2 5 

4 

' Ochre yellow 

Liraonite ... 

2(Fe20a)(3A20) 

60 87 

14 43 

5 5 

1 4 4 

, Yellowish brown 

Gothite. 

Fei.O-,H.O 

62 9 

! 10 11 

.5 5 

4 4' Brownish ochre, 

Turgite i 

2( F'e203)n2t) 

66 28 

5 33 

6 

3 7 

yellow 




1 (;02 



Reddish 

Siderite. 

FeOCOs 

48 27 

37 93 

4 5 

3 9 

White, yellow, 




1 



and brown 

Magnetite. . . 

FeaOi 

72 41 

g 

6 

5 

Black 

Pyrite 

FeSz 

46.7 

53.3 



Yellow 
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Cast Iron. 

Average Chemical Composition. 

(Per Cent.) 


Trade Name of 
Pig Iron 

Iron 

Manganese 

Copper 

Carbon, 

(Combined 


93-94 

S3-92 

90 5-90 7 

0-0 99 

1 25 

1 58-1 62 

0-trace • 

0 07-0 1 

0 to 0 56 

1 33-1 17 

0 28-0 46 

Bessemer 

Scotch pig 

Trade Name of 
Pig Iron 

Carbon, 

Grafihitic 

Silicon 

Phosphorus 

Sulphur 

Foundry 

1 86-4 81 
2.88-4 

3 -3 4 

1 18-3 

2 5-27 

2 9-35 

0 03-0 12 j 
0 07-0 09 1 
0 75-0 98 1 

0 -01 
trace 

0 02-0 04 

Bessemer 

Scotch pig. . . . 


Note.— Foundry is pig iron for castinj; parts of machinery; Bessemer 
is of proper composition for conversion into steel, 

^otch pig 18 used as a mixture for very thin castings like stove-plate. 


Chemical Composition of Iron and Steel and Electric 
Conductivity. 



Car- 
. Per 
t 




2 

Cr, Chro- 


Designation 

3 


2 

mium, Tg, 


rs 0 a 

bO 

B 

es 

JS 

a 

o 

V 

It 

Tungsten 

ll2 




M 

(a 

Cm 


OQ 

Bessemer mild steel 
Whitworth mild steel 

0 015 

0 2 

0.3 

_ 

0 04 


10-5 

Annealed. . . ■ 

0 09 

0.153 

0 016 

— 

0 042 


10.8 


0 890 

0 165 

0 005 

0 081 

0 019 


15.59 

Oil-hardened. 
Manganese steel: 

0 890 




0 078 


16.95 

Forged 

0.674 

4 73 

0 023 

0 fi08 


53 68 

Annealed 

“ 






39.28 

Oil-hardened. . . . 
Chrome steel; 





0.043 

Cr. 1.195 

55.56 

Forged 

0.687 

0 028 

0 020 

0 134 

17.91 

Annealed 

“ 


“ 



' * 

18 49 

Oil-hardened 

“ 





* ‘ 

30.35 

Tungsten steel; 

Forged 

1 357 

0.036 

_ 

0 043 

0 047 

Tg, 4.640 

22 49 

Annealed 

“ 






22 50 

Oil-hard6ned 

*' 






22.74 

Wrought- iron 

- _ 






13 78 

Cast Imn, gniy 

3.45 

0.173 

0.042 

2.04 

0.151 

( C, graphitic 

} 0 {\K 

114.0 

Spiegeleisen 

4.51 

7.97 

trace 

0 502 

0.128 


105-2 









1S4 


MINERALS AND METALS. 


Commercial Malleable or Weld Iron. 

flmpurities in average samples in j)er cent.) 



Carbon, 

Combined 

Carbon. 

Graphitic 

Silicon 

Sulphur 

3 

1 

c 

«j 

u 

c 

Copper 

Cobalt 


Nickel 

Slag 

A 

0 033 

0 009 

0 

073 

0 004 

0 078 

0 005 

0.040 

0 0.34 

0 

037 

0 974 

B 

0 429 

0 024 
0 009 

0 

105 

trace 

0 005 

0 00(. 

0 008 

trace 

0 

on 

0 326 

C 

0 057 

0 

020 

0 001 

0 075 

0 009 

0 008 

0 020 

0 

023 

1 214 


0 009 

0 010 

0 

1.59 

0 004 

0 101 

0 020 

0 079 

0 027 

0 

034 

0 470 

E 

0 025 

0 008 
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0 009 

0 252 

0 033 

0 081 

0 037 

0 

057 

0 848 

F 

0 043 

0 008 

0 

303 

0.003 

0 213 

0 007 

0 on 

0 013 

0 

(X)8 

1 230 


A, very duotile, little tenacity; H. very .strong, Jiard to weld; C, best 
for general purposes; F. weak, brittle, unsatisfactory 


Tool Steels. 


Temper 

Carbon, 
Per C-ent 

Ketnaiks 

liar, or . . . 

1 .5 

Very sensitive m heating and to hammering 

Saw file ... 

1 37.5 

Cannot .siifipoit lieat above eheny red 

Tools 

1 25 

For inelid work, it.s luiniiig, planing, milling 

Spmdle. . . 

1 125 

Mill-pick', ta|).''. sciew dies, etc. 

Chisel 

1 

Cold clii.sels, drills, for blasting, etc. 

Set 

0 875 1 

Sets, drifts, all tools for heavv blows of hammers 

Die 

0 75 

Die.s, tools to re.sist groat (iiessuie 

Kails 

0 3-0 4 

Uaib. siiuctural steel works, pie. 

Machine. 

0 1-0 01 

Machine parts, shafting, Ixuler-plale, etc. 


Components of Iron in Special Steels, 


Designation. 

i 

Carbon, 

Combined 

Carbon , 
Graphitic 

Silicon 

Sulphur 

Phos- 

phorus 

S' 

a; 

c 

Si 

c 

(S 

Ps 

Copper 

Chromium 

Dr. Dudley’s rail 

0.3 


lO 04 

1 - 

0 km ’ 

0 4 



Chrome steel, A 

0.627:0.012 

0.151 

i trace 0 007 

0 05 

0 008 

1 044 

•• B 

0. 439,0. 015;0. 130 0 001 

,0 019 

0 023 

- 

0,912 

*• “ C, .. 

:0 401 

1 “ 

10.166 

1 

' trace 1 0 020 

0 027| 

trace 

0 612 


Note . — m HI the column of phosphorus mean.s maximum allowable. 

The chrome steels were made in Brooklyn under the direction of the 
patentee, Mr. Baur. 


43a. Cast Iron. 

Chemical Composition of Cast Iron and Consequent Physical 
Propertle.s. — Cast iron con.sisls of a combination of iron will 
various, but small proportions of carbon, silicon, sulpbur, phos- 
phorus, manganese, and in some rare cases chromium, nickel, 
aluminium, etc. 
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Carbon in cast iron exists under two conditions: As com- 
bined carbon producing hardness in the iron, or as graphitic 
carbon producing softness. 

The maxiuuini total amount of carbon in cast iron may 
reacdi 4 o per cent, whicli ma> all be in Ihe graphitic state, 
producing soft gray iron of a coarse ciyslalline and granular 
fractun^ 

Tlie higlier the proportion of combined carboyi the harder 
the iron and the closer the surface of fracture 
Combined carbon can be produced bv (piick cooling or chill- 
ing; it is promoted by the presence of sulphur, and depends 
on tlie amount of silicon ])rcsent The lowest combined carbon 
is found in iron having from 4 to 7 per cent of silicon 
Graphitic Carbon in iron in the melted state is indicated by 
a lively vibration of diH('rent c(4ors on tlie surlacc (i the molten 
iron, and in cooling from a high tem])erature to a lower one 
a scum or kish ” will form and float away, and often cover 
everytliing near with thin Hakes of shining plumbago 
Silicon may be absorbed by iron in as higli a proportion 
as 20 per cent. Iron containing over 5 ])er cent is generally 
designated l)y tlie name of silicon iron or fcrrosiilcon. 

An inerease of silicon from 0 1 to 3 ])(‘r cent jiroduces an 
increase in softness and fluiditv of the iron. Beyond 3 per 
cent the hardness increases again C'ast. iron of about 2 per 
cent of silicon lias the maximum tenacity 

If from 3 to 5 |)(‘i cent t)f silicon is present in east iron all 
the combined carlxm is coiniuled into grajihitic carbon, 
fastings, except for electrical purposes sliould never con- 
tain more than 3 per cent cf silicon, as over 4 per cent becomes 
verN’ injurious to the strength and soundness of the iron 
Met al high in silicon when in a mc4ted state will show a smooth 
surface with a quiet dull, sparkless a|)pearance. Iron high in 
free carbon or in silicon when running from the cupola throws 
off very few sparks. 

Ferrosilicoii, mixed with scrap, burnt, and hard iron, can 
be advantageouslv used for a cheap kind of w'ork Eighty per 
cent of. scrap and 4 per cent of ferrosilicon in a mixture will 
make good machinable iron of not [cts than 1 " in thickness. 

Sulphur ranges in good No 1 ioundry pig from 0.01 to 0.03 
per cent; for lower grades from 0.03 to 0.05 and in some white 
iron it may reach 0.08 per cfent. 
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An increase in the proportion of sulphur produces an increase 
in the tenacity of the iron by producing an increase in the 
combined carbon and therefore in hardness, but it also pro- 
duces an increase in shrinkage and red shortness. 

Phosphorus may exist in pig iron in the proportion of a 
trace to as high as 7 per cent. In foundry iron it varies gen- 
erally between 0.25 to 1.0 per cent, while for steel-making it 
should not exceed 0.1 per cent. In castings limited from 0.2 
to 0 7 per cent it is rather beneficial foi strength and tough- 
ness, but beyond 0.7 per cent it is very hurtful It produces 
fluidity in the molten metal and soundness in the castings. 

Manganese varies in proportion from a trace to 3 per cent 
in pig iron ; the average in good gray iron being about 0 5 
per cent, but may be as high as 2 per cent in pig iron, and 
produce good castings. 

Manganese promotes graphitic carbon and eliminates to a 
certain extent sulphur, rectifying the deleterious efiects of the 
latter. 

In a hot furnace the manganese combines with the pig iron; 
in a dull fiiraace it combines partly with the slag. In remelt- 
ing in a very hot, well fluxed cupola, the manganese is partly 
eliminated. 

Manganese may to a certain extent produce hardness in cast 
iron when present in the pig iron, but when about 0.15 per 
cent of powdered Jerromangancse is added and stirred in a 
ladle full of molten hard cast iron, it has for effect to soften 
the latter by converting about one half of the combined car- 
bon into graphite, to increase its strength 30 to 40 per cent, and 
to decrease the shrinkage 20 to 30 per cent. 

Ferromanganese is a combination of iron and manganese in 
various proportions; between 30 and 80 per cent of manganese 
and a few per cent of carbon constitute Jerromanganese 

Iron containing from 15 to 30 per cent of manganese is known 
as sjnegeleisen. 

Chromium has been found in pig iron from trace to the pro- 
portion of 0.12 per cent A metal alloy of chromium and iron 
has been produced containing 84 per cent of chromium, called 
ferrochrome. Chromium when present in pig iron promotes 
the absorption of carbon’ up to 12 per cent bv the iroa 

Copper nickel, aluminium, titanium calcium magnesium^ 
sodium, potassium, arsenic, and other substances have occasion-. 
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ally been found to be present in iron in very minute quantities, 
but the influence of their presence seems not to have been 
specially investigated and so far has not been considered of 
any practical importance. 

In remclting cast iron the amount or percentage of silicon 
will decrease about 10 per cent, while the proportion of sulphur 
will be double, and in some cases over three times as much as 
in the original pig iron. 

A decrease in the percentage of manganese is genferally accom- 
panied by a decrease in sulphur With proper management 
in the operation of a cupola, an excess of manganese will be 
oxidized and carried off with a portion of the sulphur in the 
slag. 

Total carbon may be slightly increased by an excess of fuel 
and a high temperature, and decreased by little fuel and a 
low teiniierature. 

Combined carbon may be slightly decreased when silicon 
is over 4 per cent and sulphur not more than 0.01 per cent. 
When silicon becomes reduce! below 4 per cent and sulphur 
increased above 0 02 per cent, every remelt will increase the 
combined carbon until nearly all the carbon is eotiil ined and 
the iron produced has been converted into white iron. 

An increase of graphitic carbon is promoted by high silicon, 
medium phosphorus and manganese, and low sulphur 

Phosphorus remains practically stationary by remelting; 
but all the phosphorus contained in the fuel or flux will generally 
be found in the iron It should not exceed 0 9 per cent even 
for very light work. 

The larger the proportion of silicon up to about 4 per cent 
and of phosphorus to.l per cent and the lower the sulphur and 
manganese, the higher ^ill be the proportion of graphitic 
carbon, and therefore the softer the castings. The harder 
the iron the sooner it melts; hard iron should therefore be 
melted ,prst in a cupola, when several grades are required from 
one heat. 

High sulphur gives a hard friction ‘resisting chill, liable, how- 
ever, to chill-crack; while high manganese promotes a gradual 
chill, somewhat yielding to strains and. less liable to chill-crack 
from heati and is therefore in all cav^es preferable 

High carbon, all other component parts remaining the 
same, will produce deep chill. , 
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Average Chemical Composition of Various Grades of Cast 
Iron. 


Substances Combined 
with Iron in J'er (Jcnt 
of Caat Iron 

Charcoal 

Coke or Anthracite 

Pig Iron 

Gun- 

raclal 

Chill 

Uoll 

Foundry 

1 Bessemer 

No. 1 

No 2 

No 1 

No. 2 

Combined. ^ 


1 13 

1..3S 

0.15 

0 3 

0.35 

0,6.5 

Carbon. 

3 to 3.5 

3 18 

3 

3 65 

3 3 

3 85 

3 65 

Graphitic. 


2.05 

1 62 

3 5 

3 

3.5 

3 

Silicon 

0.6 to 2 

1 19 

0 71 

3 

2 25 

2 

1 25 

Phosphorus 

O.lStoO 25 

0 408 

0 513 

0 6 

0 5 

0 09 

0 09 

Sulphur 

0 to 0 004 

0 055 

0 058 

0 01 

0 02 

0 025 

0 05 

Manganese 

0 4 to 1 

0 42 

0 .39 

0 3 

0 4 

0 5 

t).45 


Coke or Anthracite 


Substances Combined 
with Iron in Per Cent i 
of Cast Iron 

Chill Ciar- 

Machinery 



Wheel 

Heavy 

Light 

Plate 

Machinery 

(bmbined 

0.92 

0.33 

0.43 

0 35 

0.06 

Carbon 

3 47 

2.98 

2 93 

3 3 

2.95 

Graphitic 

. 2 55 

2.65 

2 55 

2 95 

2 89 

Silicon 

0 86 

1 05 

1.83 

2 59 

3.19 

Phosphorus 

0 348 

0 643 

0 504 

0 622 

0.89 

Sulphur 

0 127 

0 11 

0 078 

0 072 

0.075 

Manganese 

0 49 

0 35 

0 31 

0 37 

0 35 


Cast iron propnr for chill work has the following; general 
proportion of comliined suhstanccs in percent: carbon, 3 to 4; 
silicon, 0 5 to 1 1; phosphorus, 0.2 to 0.7; sulpliiir, 0.02 to 0.1; 
manganese, 0 55 to 1.5. 

For electric work castings should bo verv soft, tlierefore high 
in silicon. A metal of good magnetic permeability on analysis 
was found to contain silicon 3.19, sulphur 0.075, phosphorus 
0.89, manganese 0 3.')0, carbon, total, 2.95 (combined C. 
0.05, grapliitic C. 2 89), all in per cent. 

If sulphur is reduced to 0.05, the same softness is produced 
by silicon 2 G. 

Depth of Chill in Cast Iron. — (1) The deepest chill is produced 
if the iron remains in contact with the chill mould until cold. 

(2) Hot poured iron produces a deeper chill than dull poured 

iron. . * 

(3) Difference in grade determines a variation in depth of 
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(4) The quicker, the heat h absorbed the deeper the chill 

(5) The chill is deeper in thin than in thick castings. 

^ MItis Castings. — To cast iron, melted in a crucible in a petro- 
|eujn furpace, is addetl 0 05 to 0 i per cent of aluminium. For 
the iron obtained, a superior soundness, and a tenacity from 
20 to 50 per cent larger than ordinary cast] iron, is claimed. 
Cupola Charges. — For 50 ton heat in a 06" cupola. 


Bed of Connellsville coal 2000 lb. 

First charge of pig iron on bed 8000 lb 

Coke charges, regular 450 lb. 

Pig iron charges, regular 6000 lb. 


Fluxes. — Material: Marble spalls, limestone, dolomite, fluor- 
spar, oyster and clam shells. For extra quality of fuel and 
clean metal 20 to 30 lbs. of limestone per ton of iron melted. 

For fuel as ordinarily used and iron as delivered by fur- 
naces, 40 to 80 lbs. of limestone per ion of iron is necessary. 


44. CHEMICAL TESTS. 

IRON AND STEEL. 

Elimination of Phosphorus from Pig Iron. 

1. (J. Lothian Bell.) Pig iron, with 1 to 2 per cent phos- 
phonis, is run in a reverberatory furnace, lined with iron 
peroxid or iron ore rich in peroxid, and stirred so as to 
produce a strong action of the peroxid on the molten iron, 
which is kept at a temperature just siiflicient to keep it fluid. 

A ton of molten pig containing in 1(K) parts 1.8 silicon, 1 4 
phosphorus, and 3.5 carbon was changed in 10 minutes so 
as to contain in 100 parts 0.05 to 0.01 phosphorus and 3.3 
carbon. 

2. (Krupp of Essen.) Pig iron, direct from a blast-furnace, 

from a cupola or from a reverberatory fimiacc, is run on a 
hearth with a bottom made of a mixture of o\id of iron and 
oxid of manganese at a high temperature. In from 5 to 15 
minutes,’ 5 tons can be purified, the impurities passing in the 
slag. V • 

Determination of ^arhon. — In about 120 c.c of water, dis- 
solve 36 grammes double chloirid of copper and ammonium. 
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In this solution, under frequent stirring and the application of 
gentle heat after a few minutes, dissolve 3 grms. of steel or iron 
to be tested. Add a few d^op^ of hydrocliloric acid if a film of 
iron oxid forms, in order to dissolve it. Filter in a filter made 
of a test-tul)e about 7 5c long and 1.5 c. inside diameter drawn 
at its lower end to an opening of about 4 m.m., containing in 
the contracted lower end some angular pieces of glass superposed 
by asliestos wool previously well ignited. Before and after 
using the filter, wash with hot water. Any small quantity 
of basic clilorid of copper wlii.'h mav separate, is redissolved 
by the addition of the necessary quantity of the double 
chlorid solution. Tlie carbon is retained in the asbestos and 
is converted into carbon diovid without drying by Ullgreen^s 
process. 

(By color of solution, Seraign ) Over a water-bath of 80® C,, 
borings of steel in two portions, each 0 2 grm., are dissolved 
in 20 c.c nitric acid, sp. gr. 1 2 

Two other portions of steel of known carbon contents, as . 
0.00 and 0 02 per cent, arc treated similarly, using the solu- 
tions as standards. All the solutions are placed in glasses 
of the same width and brought to the same color by the addi- 
tion of water. The relative volumes indicate the proportion 
ot carbon. 

Sulphur In Steel and Iron. — (Fresenius.) Dissolve the iron 
or steel in hydrochloric acid; conduct the evolved sulphuretted 
hydrogen through an alkaline solution of oxid of lead, pass- 
ing at the same time a current of dry hydrogen through the 
apparatus in order to prevent oxidation of the sulphid of lead 
precipitate From the weight of the latter, collected on a 
filter, the (quantity of sulphur is calculated 

(Dr. Thos M. Drown.) In a flask of about i litre, dissolve 
10 grms. of steel borings by adding gradually about 50 c.c. of’ 
hydrochloric acid, and pass the hydrogen sulphid evolved 
through at least 3 successive bottles containing solutions of 
5 grms. ‘of permanganate of potassa in 1 litre of distilled 
water. After complete dissolution or cessation of evolution 
of gas, draw air through the apparatus fer some time, and 
then pour the contents of the bottles into a beaked, rinsing 
with water, and di.ssolvftig any adhering oxid of manganese 
with ^ hydrochloric acid The undksolved residue in the flask 
Is treated twice with nitrohydrochloric acid, and each tims 
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evaporated to dryness, redissolved in hydrochloric acid, filtered 
and the filtrate added to the solution in the beaker. Add 
now enough hydrochloric acid to completely decompose the 
permanganate, converting it into a colorless solution. The 
sulphur has now been converted into sulphuric acid, and is 
determined by the addition of clilorid of barium, and precipi- 
tated as barium sulphate. 

Silicon.— In a mixture of 1 part concentrated sul{)huric acid 
and 6 parts of distilled water, dissolve by boiling 1 grm. steel; 
exclude air; evaporate water completely, rendering thereby 
silica insoluble. Add a few drops of hydrochloric acid and 
hot water; filter and wasli with hot water acidified with 5 per 
cent nitric acid. 

Ignite with filter and weigh, deducting weight of ashes of 
filter-paper, obtaining weiglit of silicic acid. 

If diameter in centimetre of best Swedish filter-paper 
then weight of ashes =0.0001 d’ grm. 

Phosphorus in Pig Iron or Steel. — Mix equal volumes of nitric 
acid, sp. gr. 1.42, and of hydrochloric acid, sp. gr. 1.195, and 
dissolve in the mixture 5 grins, of steel. Evaporate to dry- 
ness and heat until all dark fumes have ceased to escape. Dis- 
solve the dry mass in strong hydrocliloric acid, evaporate to 
remove excess of acid, add hot water and filter silica off. Evap- 
orate filtrate until it is just fluid, cool and then add 4 c.c. of 
strong nitric acid and increase the bulk with distilled water 
to 20 c.c. Add in a thin stream, while stirring, 20 c.c. of molyb- 
date of amracnia solution (compo.sed of 100 grms. of molybdate 
of ammonia, 1000 c.c. of distilled water and 100 c.c. of ammo- 
nia sp. gr. 0.88), then add a few drops of ammonia and shake 
until precipitate of iron disappears. Submit for 1 hour to 
moderate heat with occasional shaking, so that a precipitate 
distinctly separates, leaving a clear supernatant solution. If 
arsenic is present it will precipitate along with phosphorus and 
give ina(5curate results. After settling, pour on a 4" Swedish 
filter, wash with warm water so as to concentrate the pre- 
cipitate at the centre of the filter. 

The filtering-paper should be quite white and washed before 
use with cold watei^, acidulated with 1 per cent of nitric acid. 

Unfold the filter upon another filter, and dry under cover 
a large watch glass at from 100° to 140® C, When dry, 
4iake and brush the precipitate from the filter into a pre- 
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vio’.isly weighed porcelain dish and weigh as phosphoric acid, 
IV),30LO)==2(H,P(h) 

Phosphorus In Metals, Determined as Phosphoric Acid. — Pre- 
pare a solution by dissolving 25 grins, ot molybdate of ammonia 
in 100 cc dilute ammonia, pour this solution under constant 
stiiring or agitation into 500 c.c of dilute nitric acid (3 volumes' 
strong acid I volume water), lieat to 50° C. for some time 
and draw Jho clear solution off. 

The metal is dissolved in nitric acid free from hydrocldoric 
acid, and is freed from arsenic and silicic acids by boiling to 
drviKvss, heating until arscnioiis fumes cease to escape, redis- 
sohiiig m nitric ,‘ieid, lioiling and filtering to free from silica. 
The liltrate is mi\ed with an excess of ammonium inolvbdato 
solution, boiled for a lew minutes and filtered after standing 
a short while The precipitate is waslied with dilute nitric 
acid, dissol'iMl in ammonia and precipitated with magnesia 
mixture as pliosphoric acid 

31anganoso. -Test in the abseiiee of chlorids: 

For a preliminary test, heat the substance to be tested in 
dilute nitric acid, add a little lead peroxid. If manganese is 
present its oxidation will impart to the solution tlie pink color 
ot permanganic acid 

Manganese In Spiegelcisen, Iron or Steel. — (Sergius Kern.) 
One gramme ot the powdered substance is dissolved in 30 c.c. 
hydrochloric a(*id and heated for about 30 or 40 minutes. 

Tlic liipiid is evaporated to one half of its bulk, and water 
added, and the insoluble matter (silica) filtered through asbestos 
and well wa.shed 

The filtrate is treated with an excess of potasli, precipitating 
the iron and manganese, which are filtered off, well washed, 
dried and strongly ignited in air, pnxlucing a mixture of ses- 
i]uioxid of iron and protoperoxid of manganese, MnaO^. These 
powders arc placed in a small hard glass tube, arid a current 
of hydrogen is passed through it, while it is heateti to red- 
ness After 15 or 20 minutes the mass assumes a greenish 
color, consisting of a mass of metallic iron and protoxid of 
manganese It is cooled with the hydrogen passing through 
it, and the cooled tube is introduced into naphtha and emptied, 
crushfng part of the tube while immersed if the mass should 
not readily separate. The iron is removed by a magnet; the 
remaining protoxid of manganese is washed, dried, and ignited! 
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thereby reconverted into protoperoxid, containing 72 0”) 

per cent of metal and weighed. 

Volumetric Determination of 3IanKaneso in Steel or Pig 
Iron. — 1 Two titrated s<.lutions in distilled water arc pre- 
pared as follows: 

A. Oxalic acid H2C2O4 + 21120 2 2S5 grins, in 1 litre of 

solution, each 1 c.c. containing the equivalent of 1 milligram 
)f Mn in MnOg, in accordance with the equation: ^ 

H2C2O4 + MnOs + 1 1,,S( \ - MnSO, + 2(X ), + 2II2O. 

B. Potassium permanganate, KMnO,,, 1 14S grins in 1 litre 
:)f solution, 1 c.c lining the equivalent of 1 ce of the above 
jxalic acid solution in accordance with the equation: 

5H2C2O4 + 2KMn04 + 3H2SO4- K,S( >4 + 2MnS( >4 + 1 OCX), + 8II2O. 

This solution may be made so that 2 or 3 c c are necessary to 
saturate 1 c c. of oxalic-acid solution. The jiotassium-perman- 
ranate solution should be prepared in two portions, one too 
3oncentrated and the other too dilute; both should be boiled 
ind then left for 2 days to precipitate, and from the two por- 
tiOiis a mixture of the proper strength should be made. 

In about 40 c c. of concentrated nitric acid 1 grm. of steel 
3r pig iron is dissolved with heat In the case oi pig iron, 
ifter solution filter through asbestos, washing with concen- 
trated nitric acid for the removal of silica and carbon. Keep 
the steel solution or the pig-iron filtrate boiling, while gradu- 
illy and cautiously adding 1 to 2 grins of potassium chlorate, 
pulverized. This precipitates the manganese as dioxid, Mn()2 
Filter through asbestos witli^the aid of the filter-pumps, and 
wash well with water. 

The precipitate, with the asbestos in the filtering funnel, 
is now bl(jwn in the beaker, in which the manganese has been 
precipitated, washing the funnel with water, and adding a 
moderate excess of the titrated oxalic acid over what is sup- 
posed to be needed to neutralize the Mn02 contained in the 
beaker 

If a samt^e of 1 grm. of iron or steel which has been treated 
in this manner is estimated to contain in the vicinity of 1 per 
cent of manganese, then about 29 c.c. of titrated oxalic acid 
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solution are added to the contents of the beaker, and 2 or 3 
c.c. of sulphuric acid This is made up to about GO c.c with 
water and heated to from 70° to 80° C while stirring. While 
yet warm, the titrated potassium permanganate solution is 
gradually measured in the solution, until a last drop produces 
a permanent coloration If it is then found that 8.7 c c. of 
permanganate solution has thus been added, then 20-8.7 
= 11 3 c.c of oxalic acid solution has been neutralized by the 
MnOjj in theWakcr, and, since each c c is ecjuivalent to 1 milli- 
gramme of manganese, the sample treated contains 11.3 milli- 
grammes of manganese or 1.13 per cent. The presence of the 
asbestos does not obscure the final indication. 

2. A second method consists also in preparing two titrated 
solutions as follows: 

a Ferrous sulphate, FcSO^ + 7H/), 10 114 grms. in 1 litre 
of solution. Each c c. of this solution is e(juivalent to 1 milli- 
gramme of Mn in MnO,, as shown by the equation: 

2FeSO, + MnO^ 2 Fl 2 S(), = Fe.CSO,)^ MnSO, + 2 H 2 O. 

6. Potassium permanganate, KMnO^, 1.15 grms. in 1 litre 
of solution. The KMnC)^ in 1 c c of this solution will oxidize 
the ferrous salt to ferric salt in 1 c.c of the above ferrous sul- 
phate solution, in accordance with the equation. 

2KMnO, + lOFeSO, -f- SH^SO, 

- KjSO, + 2MnSO, + 5Fe2(SO.)3 + SH^O. 

The sample to be analyzed is treated as in the foregoing 
method The contents of manganese is also obtained by the 
lifTerence of the portion of ferrous salt neutralized by KMnO^, 
subtracted from the w'hole amount of ferrous salt solution 
added to the steel or iron solutions, this difference giving the 
amount neutralized by Mn(\, which is a compound of all the 
manganese originally contained in the sample. , 

Passive State of Iron.— Plunge iron in concentrated fuming 
litric acid. This renders the surface of the iron inattackable 
)y acids, and the iron becomes therefore indissoluble in the 
kcids, unless the skin so formed is mechanically removed. 
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45. METALLIC ALLOYS. 

Uses, Resistance, etc. 


Minimum Porcontago of Metals in Paying Ores. 


Name ol Metal 

]*er ('ent Metal ' 
in Ore 1 

N.ame of Metal 

Per (’ent Metal 
in Ore • 

Iron 

25 to 40 

Tin 

1 to 1 5 

Lead 

20 to 25 

Mercury. . .. 

1 to 2 5 

Zinc 

20 lo25 

Silver . . 

0 0005 to 0 001 

Antimony 

20 to 25 

Platinum. . . . 

0 0001 to 0 0002 

Copper 

2 to 2 5 

(lold. .... 

0 000001 (oO 00001 


Alloys oj Copper and Tin. 


Designation of 
Alloy 

Copper, 

Per 

(’ent 

Tin, 

Per 

C-ent 

Designation of 
Alloy 

(’opper, 

Per 

(>301 

Tin, 

Per 

(.)cnt 


] 

1 

lOS 

96 

'93 5 
90 

89 

|70 

,67 

70 

; 68.25 

2 

4 

0.5 

10 

11 

18 

23 

30 

33 

30 

31 75 

Bearings. . , 

88 

90 

90 

92 

90 

12 

10 

4 

7 & IZn 
9& IZn 

Gun, ordnance. . . . 
Statuary 

Piston packing 

Large. . . 

Bell 

Small. . . . 
Speculum n etal. 
David Ross' Cu 4 Sn. 


Ordnance Bronze. 

(According to^XJ. S. Ordnance Manual.) 

The copper used not to contain any appreciable quantity 
of sulphur, to contain not more than 0 001 part of arsenic and 
antimonjj united, not more than 0 003 lead, iron, or oxygen. 
Should be rejected if it contains more than 0 005 parts of foreign 
substances altogether. 

The tin should be rejected if It contains 0 001 arsenic and 
antimony or more, or if it contains 0 003 part of lead, iron, 
and more ^han 0.004 foreign substaflces altogether When 
tin is run into elongated drops, these should be bright and 
smooth without rough spots. 
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The bronze should be rejected if it contains 0.001 or more parts 
of arsenic and antimony united, more than 0 003 of lead, iron, or 
zinc, and if it contains 0 005 or more foreign substances in all. 

When broken, gun metal should ha\e a fine close-grained 
fracture and should be ductile 

Bronze used for rifled howitzers of the navy is made of Lake 
Superior copper, 0 parts, tin 1 part, when cast in sand molds, 
and of 10 parts copper. 1 part tin, when cast in chill molds 

'Die coppei is melted in a reverberatory furnace and when 
perfectly fused the tin is stirred in for half an hour, when the 
bronze is cast in the chill, the latter is previously heated to 
drive all moisture out 


Phosphor-bronze. 




PliOS- 

I Brass 

EmplojTOent 

Chopper 

phor- 






Tin 

Copper 

Zinc 

Journal for heavy main shafts 
Boxe'^forconnooting and coup- 

85 

15 



ling-rods ' 

90 

10 



Hub'-titulc for ordinary bronze ^ 

10 

4 

05 

35 

Employment 

Copper 

Tm 

Phosphor- 

Copper 

Zinc 

.lournal loi hea\y mam shafts. 
Boxes for connecting and coup- 

88 

12 

1.75 


ling rods 

90 

10 

1 5 


Piston rings, \alves, and valve- 

l8,5 5 

8 

.3 .'S 

3 

seats, pinions. , 

Cog-wheels, propellor-screws, 
hydraulic press pumps . .. 
Piston-rods, bolts for cylinders. 

177.8.5 

11 

3 5 

7.65 

74 5 

11 

3.5 

11 

72.5 to 7.53 

8 

2.5 to 1.5 

17 to 19 


1 Can be forged cold. Was used for wire ropes in mines. 


PhoHphor-copper.--(l) 4 parts superphosphate of lime, 

2 parts granulated copper, 1 part finely pulverized coal Heat in 
i crucible at not too high a temperature. The phosphor-copper 
3ollecting at the bottom contains 14 per cent phosphorus. 

(2) To a copper-sulphid solution add phosphorus; boil. As 
long as copper phosphid is precipitated add phosphorus. 
Collect the precipitate carefully dry, melt and cast in ingots, 
The substance should be quite black. 

Phosphor-tin. — (1) Collect, and wash the spongy tin from 
i solution of tin chlorid, SnClj, in which a bar of zinc has been 
Dlaced. Take 100 parts tin and 3 parts phosphorus, cover,' 
;he sticks of phosphorus at the bottom of a crucible with this ' 
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yet moist tin sponge, pressing it tightly Heat gently until 
phosphor flames are no longer observable on the crucible. 
The tin-white, coarsely crystalline phosphor-tiii will collect at 
the bottom. Melts at 370° C -700° F 
(2) 3 parts phosphoric acid (anhydrous), 0 parts tin, 1 part 
carbon. Melt in a crucible 

By replacing in the composition, of ordinary bronze 0.1 part 
of the tin by phosphor-tin the bronze is greatly improved in 
soundness and toughness • 

In using phosphor-tin in the manufacture of phosphor-bronze 
avoid the employment of zinc in tlie bronze. 

Process of Ruoliz and de Fontenay. --(3) Mix the sinipy acid 
phosphate of cop{)er with 0 2 of its weight of (charcoal and 
melt in a plumbago crucible, cast ingots of about 1 kilogramme. 
2 2 lbs. The resulting c(>m|x>und is (juite brittle and can be 
broken w'ith light blows in the hand 
This phosphor-copper contains about 1.5 per cent of phos- 
phorus. It is preferable for the manufacture of bronze, as 
it can be employed for alloys containing no tin, as yellow brass 
(jlerman silx er, etc , and lor pure copper. 

Preparation of Phosphor-bronze. — Melt the copper first, 
covering with charcoal, add the required (piantity of tin, zinc 
etc., and when completely melted, add, according to cinmin- 
stances, 1.5 to 3.5 per cent of phosi)hor-coppei, while continu- 
ally and carefully stirring with a bar of graphite or of retort 
carbon. Skim carefully the coal and scoriae on top; pour 
before a skin forms on the surface 
Ordinary bronze and phosphor-bronze remelted should be 
treated the same way. If the surface of the rernelted metal 
should not be bright, a small addition of phosphor-copper 
should be made. 

Remarks. — The function qf the phosphorus in melting bronzes 
consists in a deoxidizing action on tlie metals forming the alloy 
The oxygen of the oxids of the metals, intermixed in the mass 
of the n^olten alloy, is consumed by the phosphorus present, 
thereby reducing the oxid.s to the metallic state. The anhy- 
drous phosphoric acid so formed, being eliminated from the 
molten metal mass, changes the latter from a combination of 
metals, mtcrrni.ved .with impurities into an alloy of pure metals. 

The so-purified alloy, therefore, should not contain any 
phosphorus, or should contain it only as a very small excess of 
the phosphid introduced in the n^elt. 
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Bronzes, or Copper-tin Alloys. 


Employment 

Compi 

Copper 

[iBition 1 

1 

Tenacity, 

1 Pounds 
per 

Sq. In. 

Fracture 

Remarks 

Copper 

100 

00 

i 128,000 

124,200 

Fibrous 

Mean of 9 samples 

English ordnance. . . 

91 

74] 

8 

26 



Prussian ordnance. . 

90 

91 

9 

09 

32,000 



French ordnance. . . 

90 

73 

9 

27 




* ‘ * * 

90 

1 

9 

1 




U. S. ordnance. . . 

90 

00 

10 

00 

27,000 

Earthy 


*' “ . . , 

«y 

29 

10 

71 

26,000 


C S. ord. gun-heads. 

H9 

29 

10 

71 

25,800 


Mean of 12 samples 

Jewelers’ punches. 

83, 

,30 

16 

70 



Chinese gong 

80 

43 

19 

57 




Bells, 300 years old . 

81 

00 

19 

00 




Bells, best metal . . 

78 

00 

no 

00 




Bells, 600 years old . 

76 

20 

23 

80 




Mirror of telescope. . 

68. 

82 

31. 

,18 




Mirror metal. 

68 

21 

31 

79 




White bell. 

60 

00 

40 

00 

1 



“ • • 

40. 

00 

60. 

00 




Phosphor-bronze. . . 





1 140,000 


Hard 





56,000 


Annealed 

Babbit metal 

10 


90 






Brass, or Copper-zinc Alloys. 



Composition I 



Tenacity, 

Name and Uses 



Color 

Fracture 

Pounds 


(’opt)er 

Zinc 



Sq^n. 

Tambac 

1 91 00 

9 00 

Yellow-red 


i 26.000 

French oreide . . . 

1 90 00 

10 00 

Red-yelJow 


26,500 

Ornamental casting 

86 00 

14 00 

Yellow- red 


29,000 

Tombac of Oker. 

8.> 00 

15 00 

Red-yellow 

Earthy 

30,000 

Bronze powder 

S3 99 

17 (K) 

Red-yellow 



Vienna gold leaf. 

77 9 

22 00 

Yellow 

Earthy 

35,000 

Ship sheathing . . . 

74 62 

25 38 

Yellow 


30,000 

Sheet brass 

74 48 

25 52 

Yellow 

( Finely 
( crystalline 

1 29,000 

Chrvsorin . . . 

72 00 

28 00 

Yellow 



Bristol metal 

67 2 

32 8 

Yellow 

Earthy 


Common brass .... 

66 66 

.33 33 

Yellow 


28,000, 

Brass wire 

65 4 

34 6 

Yellow 


35,000 

Hard solder 

61 25 

.38 75 

Red-yellow 

Earthy 


Muentz metal .... 

60 00 

40 00 

Red-yellow 

Earthy 

41,000 

Sheathing for ships. 

59 5 

40 5 

Red yellow 

Earthy 

42,000 

Bra.ss. very ductile 

54 9 

45 1 

Red -yellow 


45,000 

German brass .... 

49 47 

50 53 

Yellow 

Crystalline 

20,000 

Solder for brass 

33 34 

66 66 

Yellow 



White button 

19 ,65 

80 35 

Ash gray 

Crystalline 

4,000 
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Copper, Tin, Zinr, and Other Alloys. 



Composition 

f omposition 

^ Name 

L-‘ C 

^ CO 

Sp c 

1 

h 

Name » §) 

1 3 c c a 


o'-' h 

N 

O^ h 

1 

65 3 

32 

Gold, imitation. . 81 5 0 5 8 

Statuary bronze . 

58 17 

25 

Rionze for inoilals. 80 3 17 

1 

85 5 

11 

Metal for general use 90 5 5 

Telescope mirrors. 

50 28 

22 

Journal bearings, . . *75 12 3 

Buttons, soft . . . 

88 6 

G 


ButtotLs, hard. . . - 

84 8 

8 


Chryscolle . . 

88 5 5 75 

5 75 

i 


Manganese bronze. . 88 Cu 10 Sn 2 Mn 

Babbil hardener. . . . 4 Ou 12 Sn 8 Sb 

Babbit, box-lining. ... 1 hardenci 2 tin 
Plumbers' solder. . . 1 tin 2 lead 

Stereotype 17 tin 07 lead 10 antimony 

Sterpo-metal . 55 04Cu 42.30 Zn 0.83 Sn 1.77 Fe 

Aluminium bronze. . 90 Cu" 10 A1 

U. S. Nickel coin metal 75 Cu 25 Ni 

Influence of Small Quantities of Certain Metals on Alloys* — 
0.007 per cent of antimony unfits lead for the manufacture of 
white lead 

0.5 per cent of iron in copper reduces its electric conduc- 
tibility to 40 per cent. 

0.1 per cent magnesium or 0.3 per cent phosphorus added 
to nickel makes it, from brittle, malleable. 

0.08 per cent of manganese or magnesium added to steel 
increases its malleability 

A small addition of tin, from 1 to 5 per cent., to a brass alloy 
of nearly equal parts of copper and zinc, the cop^xir being 
about 55 to 58 per cent of the alloy, may increase the tenacity 
of the alloy over 100 per cent ; from a minimum of about 40,000 
and less to a maximum of over 85,000 pounds per square inch 
of section 

As a matter of great importance to brass founders, machinists, 
electricians, engineers, and contractors special attention is 
called to the tables of tenacity of simple metals and of tne 
alloys compounded therefrom, contained on pages 208 and 
209, and to the subject matter relating to the same and other 
propertie's of alloys contained on page 210 For detailed in- 
formation dn this subject consult R H Thurston. ' Materiah 
of Engineering " John Wiley and Sons, Scientific Publishers 
New York, 
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CLASSIFIED TABLES OF ALLOYS. 

Copper, Zinc. 


, Pinchbeck 93.6 

, Austrian journal boxe.'> 92.5 

, Oreide, French 90 


, Ornaments, English alloy 86.38 

, “ f, , Tournay 82.54 

. Imitation Halberland 87 

. Buttons, Tessier 97 

. Tombac, common 71.5 

. Tombac, Arcet, gilded 82.3 

. Tombac, Hegormuhle, Paris 85.3 

. Tombac, red, Paris 92 

. Tombac, red, Vienna 97.8 

. Tombac, leaf, Ludenscheid 99.15 

. Tombac, leaf, Ludenscheid 84.21 

. Bronze powder 84 

. Leaf bronze 84.6* 

. Leaf bronze, gold, Vienna 77.9 


Yellow Bras.s 

Copi)er 

Zinc 

19. Malleable brass 

70.1 

29.9 

20. Malleable brass, Ludenscheid 

72.73 

27.27 

21. Chrysorin 

72 

28 

22, Common brass 

66.6 

33.4 

23. Muntz metal, Bobierre 

74.62 

25.38 

24. Bobierre, low grade 

59.5 

40.5 

25. Brass wire, good 

65.4 

34.6 

26, Brass wire, ductile, Storer 

54.0 

46.0 

27 Malleable bra.'is, Mecht 

65.24 

34.76 

28. Malleable and ductile 

66.0 

34.0 

29. Malleable brass, Vesslers 

58.3 

41.7 

30. Chrysorin, Rauchenpergers 

66.7 

33.3 

31. Bristol brass 

75 7 

24.3 

32. Bristol brass 

60 8 

39.2 

33. Mosaic gold 

65.3 

34.7 

34. Brass solder 

61.25 

38.75 

35. Bra.ss solder, strong 

33.. 34 

66.64 

36. Bath sheathing 

55 

45 


White Metal 

Copper 

Zinc 

37 PlfltioB, , 

43 

57 

38. Button, Liiden.scheid 

20 

80 

39 Mallet, preservative of iron 

25.4 

74.60 


Copper, Zinc, Tin. 


Tombac Alloys, Bronze- like 


40. French. 

41. Grtlden bronze *! . 


43. British Navy, 


Copper 

Zinc 

Tin 

80 

17 

3^ 

89.97 

9.96 

0.b7 

82.0 

17.5 

0.6 , 

62 

37 

1 
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ALLOYS FOR TECHNICAL USE. 

Copper, Zinc, Tin. 


44. 


45. 

46. 

47. 

48. 
40 


63. 

54. 

55 

56. 

57 

58. 

59 

60 . 

61. 

62. 

63. 

64. 

65. 

66 . 

67. 

68 . 

69. 

70. 

71. 

72. 

73. 
74 
75. 


Designation 


British Navy screw-proijellers. 

Eccentric straps 

Connecting-rod boxes 


Locomotive axle 


Car and locomotive , 
Valve.s, cocks, etc. . . . 

Pumps 

Piston ring (StTaing). . 
Axle-bearing (French). 

‘ ‘ , hard (G 

Whistles, dull 

Stuffing-box (Belgian). 
Axle-bearings, wagon. . 
Brass, be.st quality . . 


B). 


** , Tobin s . 
Bearing.s, cheap. 


British Woolwich for sheathing nails 

Medals 

Coins (old French) 

Pistons and rods. 

Casting upon iron 

Gearing 

Weights (Chemical Bl.) 

Mathematical instruments 


Copi)er 

Zinc 

Tin 

87.65 

4.03 

8.32 

83 

2 

15 

84 

2 

14 

82 

2 

16 

85.25 

2 

12 75 

80 

2 

18 

82.25 

» 

12 75 

89 

3 

8 

89 

8 5 

2 5 

88 

2 

10 

86 

0.8 

12 4 

89 

9 

2 

82 

8 

10 

87.05 

5 07 

7.88 

81 

2 

17 

90.2 

6.3 

3.6 

78 

2 

20 

65.5 

33.0 

0.6 

74.5 

25.0 

0.5 

79.5) 

20 

0 5 

68.22 

39.48 

2.30 

66 

16 

28 

68 

14 

28 

5 5 

80 

19.5 

87 

4.3 

8.7 

97 

2 

1 

95 

1 

4 

74 1 

22.2 

3.7 

78.7 

15 

6.3 

88.8 

2 7 

8.5 

90 

2 

8 

82.1 

6.1 

12.8 


White Alloys. 


76. Bristol 

77. " i 

67.9 

36.8 

5.3 

61.12 

36.11 

2.77 

78. White solder, soft 

67.44 

27.98 

14.58 

79. Bell, Herbphn 1 

60 

5 

35 

80. Jackson’s 

63.88 

36.85 

6.55 

81. “ 

63.01 

35.61 

1.39 

82. Mirror, good lustre 

50 

21.40 

28.60 

83. Bell, Herbohn ' 

71.43 

2.17 

26.40 

84. Pump-cocks 

7 

72 

21 

86. Rolls for print-work 

5 

78.3 

16.8 

86. Bearings 

4.2 

66.5 

29.3 

87. Anti-fnction, Fenton 

5.5 

80 

14.5 

88. V , Manchester. 

5.69 

76.14 

17.47 

89. “ .English 

7.40 

67.70 

14.9 


Attention is called to the fact that the alloys in the tables above 
are technically applied, where the requirements are great resist- 
ing power against frictional abrasion, |S in bearings, or against 
impacts, and the Corroding actions of water and other liquids, 
as in pumps and valves, or ^nally, against powerful me- 
chamcal strains, as in gearings, propeller blades, and piston-rods. 
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Copper, Zinc, Tin, Lead. 


Designation 

Copper 

Zinc 

Tin 

Lead 

90. 

Statuary, Potsdam. . .. 

88.68 

1.28 

9 20 

0.77 

91. 

“ , “ , BachuH . 

1 89 34 

1 63 

7.5 

1.21 

92. 

“ .Louis XIV 

91.4 

5 53 

1.7 

1.37 

93. 

“ , Henry IV, Paris. . . . 

89.62 

4.2 

5.7 

0.48 

94. 

“ , Napoleon 1, Pans. . . 

75 

20 

3 

2 

95 

“ , Clm, Vendome, Pans 

89 2 

0.5 

10.2 

0.1 

96. 

Objects to be gilded. ... 

63 7 

33.55 

2.6 

0.25 

97. 

72 43 

22 75 

1.87 

2.97 

98. 

Wire, English 

70 29 

29.36 

9.28 

0.17 

99, 

“ , Augsburg 

71 89 

27 63 

■ — 

0.85 

100. 

Leaf, Aix-la-(-hapelle 

64 8 

32 8 

2 

0.4 

101. 

White, for buttons 

48 5 

33 32 

6.06 

12.12 

102. 

“ “ “ 

58 71 

33 03 

5.50 

2.75 

103. 

Berthier alloy 

71 9 

24 9 

1.2 

2 

104. 

Sundry alloys 

61 6 

35 3 

0.6 

2.6 

105. 

63 7 

33 5 

2.5 

0.3 

106. 

Clockwork. . 

60 66 

36 88 

1.35 

0.74 

107. 

• * 

66 06 

31 46 

1 43 

0.88 

108. 

Oreide bronze 

68 21 

31 52 

0 48 

0.24 

109. 

Oker brass 

64 24 

37 27 

0.59 

0.12 

110. 

Sheathing nails. . ... 

63 6 

25 

2.6 

8.8 

111. 

Solder, yellow, hard 

53 3 

43 1 

1.3 

0.3 

112 

“ , “ , soft. . . 

44 

49 9 

3.3 

1.2 

113. 

Machinery, braivs 

74 4 

8.9 

9.5 

7.1 

114 

Bearing, s, engine 

79 

5 

8 

8 

115. 

Pist ins, engine. . 

84 

8 4 

2.9 

4.7 

116 

Paits at high temperature.. 

90 7 

5 3 

2.7 

1.3 

117 

Gold-colored . . .... 

74 

10 

1 

15 

118 

“ harder 

70 

10 

10 

10 

119 

Parts, heavy friction 

83 

1.5 

15 

0.6 

120. 

Sheathing nails (Percy) 

63 6 i 

24 6 

2 6 

8.7 

121. 

Chinese white metal 

72.5 ! 

14.3 

4.7 

18.5 

122. 

Soft metal 

3 

40 

15 

42* 

123. 

Common spelter 

4.4 

1 5 

82.3 

11.8 

124. 

Pewter 

5 7 

1.6 

81 2 

11.5 

125. 

Heine’s alloy 

11.4 

84.3 

1.4 

2.9 

126. 

Erhardt’s alloy 

4 

89 

4 

3 


Copper, Tin, Antimony. 


De.signation 

Copper 

127 Bronze 

87 

128, Steam- whistles 

80 

129 Westphalian alloy 

7 

130. Magdeburg alloy 

11 

131. Berlin alloy 

5 

132 Anti-friction (Kamarsch) 

3 7 

133. “ “ 1 

6.25 

134. “ " 

9.76 

13.5. ■■ French RR 

5 

136. " (Kamarsch) 

21.44 

137. !* Fenton 

5.5 

13S Anti-friction, English 

7.80 

139. " " 

2 

140. “ Bavmriap 

2 

141, , “ Ludenscneidt v . . . 

4 

1^ Britannia, Birmingham 

1.50 

■fw. “ , Asberry I 

2.8 

144. “ , cast 

0.09 



88.89 7.41 

81.26 12.60 

70.73 19.61 

71 24 

71.41 7.14 

80 14.5 

76.70 15.60 

72 26 

90 8 

72 24 

90.6 7.2 

77.8 19.4 
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BRONZES. 

Copper, Tin. 


Designation 

Copper 

Tin 

145. Bell, white, .silvery 

78 

22 

14G. “ . Reichenhall.. . 

80 

20 

147. “ 

60 

40 

i48. “ 

75 2 

24,8 

149. “ . Herbohn 

75 

25 

150. “ “ - 

73 

27 

151. Cun-metal, British 

91 V4 

8.26 

162. ‘ ‘ , Prussian 

90 90 

9.10 

153. “ , French Medals 

90 1 

9.9 

154. “ .common... ... 

90 7 

8.3 

155. “ , “ 

89.3 

10.7 

156. Mirror, CuiSn 

6cS 21 

31.70 

157. ‘ ‘ , Mudge 

08 82 

31 . 18 

158. “ , Laderig 

09 

28.7 

159. Medals 

93 5 

6.5 

160. “ 

92 

8 

161. Machinery, malleable 

98 04 ! 

1.96 

162. Eisler’s yellow bronze 

94.1 ' 

5.9 

163. Gearing. . 

91.3 

8.7 

164. Bearing, Kochhn.. . . 

00 

10 

165. ‘ ‘ , Seraing 

80 

14 

166. ‘ ‘ , carnage wheels 

84 

16 

167. Bronze for stamping . 

83 ,3 

16.7 


GERMAN-SILVER ALLOYS. 

Copper, Zinc, Nickel. 


German Silver 


Common 

Wagner’s 

Chinese 

‘ ‘ , poor. , . 

“ , tutenag, amber, hard. 

Sheffield, common, yellow. . . . 

‘ ‘ silver-white 

“ electrum, bluish. .. . 

" hard 

Berlin, richest 

‘ ‘ medium 

‘ ‘ lowest 

French Arcet 

“ Chaval 

Austrian^ GensdorfiF 

“ malleable 

Fricke’s blui.<i»h yellow, hard 
“ ' pale yellow, ductile, . 

“ silvery, hard. , 

" , , harder 


Copper 

Zinc 

Nickel 

55 

25 

20 

50 66 

19 31 

13.18 

26.3 

36.8 

36.8 

43 8 

40 6 

15 6 

45 7 

39 9 

17.4 

59.3 

25.9 

14,8 

55.2 

24.1 

20 7 

51 6 

22.6 

25 8 

45.7 

20 

31.3 

52 

26 

22 

59 

30 

11 

63 

31 

6 

50 

31.3 

18 7 

50 

30 

20 

58 3 

25 

16.7 

50 

25 

25 

55 6 

22.2 

22.2 

60 

20 

20 

55 5 

39 

5 6 

62 5 

31 2 

6 3 

50 

18 8 

31.2 

59 

30 

1 

10 


Bronzes 'of normal composition jfre mainly employed in 
machinery, in military and naval appliances, where toughness 
and great resisting power against suddeli strains are required. 
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Copper-Nickel; Copper* Tin, Nickel. 


Designation 

Copper 

Tin 

Nickel 

United iStates old coin. . ... 

81 85 

_ 

18.16 

“ “ first legal standard. 

85 

— 

15 

“ ‘ and licigiun, recent . .. 

75 

— 

25 

Castings 

52 5 

28 8 

17.7 

Bearings . 

50 

24 5 

25 5 

Berthier, bluish w ite 

68.2 

! 

31.8 

Melchoir iron, zinc, 17 

55 

2 1 

23 

Sheath for leaden bullets 

80 


20 


Copper, Zinc, Nickel, Iron, Cobalt. 


De'ignution 

(‘opper 

Zinc 

Nickel 

Iron 

Chinese I’ackfong, . 

40 4 

25 4 

31 6 

2.6 

Sheffield ((lerni.an silvei). . . 

58 2 

25.5 

13 3 

3 

Parisian tnaillechoi 1 . 

65 4 

13 4 

16 8 

3.4 

White, hard, and brittle 

18 8 

24 4 

24.4 

2 4 



53 

23 

22 

2 

Cobalt 

English German silver. . .... 

" ' ‘ ‘ elastic .... 

60 

17.8 i 

18 8 

3.4 

57 

25 

15 

3 



Tin 

Iron 

StciTo-mptcil ...... . 

55-60 

36-41 

1-2 

1-2 



Copper, Zinc, 

Tin, Bismuth. 



Name of Alloy 

Coppei 

Zinc 

Tin 

Bismuth 

White, sonorous, hard. . . . 

2 1 

— 

97.3 

0.6 

.Algerian 

2.4 

— 

97 

0 6 

Tinning iron 

5 1 

10.3 

76.9 

7.7 







Copper, Zinc, Tin, Antimony, Bismuth, 


Name of Alloy 

Copficr 

Till 

Zinc 

Antimony 

Bismuth 

Pewter leaf 

1 8 

89 3 

_ 

7 6 

1.8 

1 « 14 

6 8 

84 7 

— 

1 7 

6 8 

** " 

1 6 

83.3 

6 6 

6 6 

1.6, 

Britannia 

3 6 

85 

1 4 

6 

5 

“ fine 

o.si 

85.64 

6.06 

9.66 

0.83 


Various Alloys of Lead and Tin with Other Metals. 


Name of Alloy 

Tin 

1 Lead 

Antimony 

Bismuth 

Arsenic 

Queen';! alloy. 


: 1 

1 

1 

— 

Perrotine’s for rolls 

h 

1 32 5 

10 5 

9 

— 

Shot-metal 

~~ 

1 100 



0. 4-3.0 
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Type Metal. 

Note.“In the column of sundries Cu^- copper, Zn = rinc, Al = aluminium. 


Designation 

Lead 

Anti- 

mony 

Tin 

Sundry 

Metals 

Type metal, medium 

16 

1 





“ “ soft 

34 

1 




" hard 

4 

1 

— 

— 

“ “ 

— 

— 

69 

1 Zn33 

** ** ** 

70 

18 

10 

Cu2 

“ “ sharp, resisting. . 

10 

4 

»— 

lAl 1 to 3 


Solders for Joining Various Metals. 










£ 


Designation of Solder. 

Lead 

c 

H 

c 

N 

Coppe 

2 

pa 

Silver 

Gold 

B 

Flux 

Plumbers, coarse 

3 

1 


— 

_ 

_ 





Rosin 

fine 

2 

1 


— 

— 

— 

— 

— 

Tinners, fine 

1 

2 

— 

— 

... 

— 

— 

— 

Rosin or 

‘ ‘ common 

1 

U 


— 

— 

— 

— 

— 

Zinc chlorid 

For copper, brass, or iron 

— 

2f) 

43 

30 

— 

— 

— 

— 

Borax 

— 


1 

2 

— 

— 

— 

— 


bard. . . 

— 

— 

1| 


5 

— 

— 

— 

“ 

“ “ ' ‘ ' yellow. 

— 

— 

1 

1 

_ 

— 






" silver and steel joints 

~ 

— 


1 

1 

19 

— 

— 

“ 

“ silver-plating. 

Silver solder for nrasH or iron .... 

- 

~ 

— 

1 

1 

1 

2 

— 

- 

!! 

“ “ fusible 



5 



5 



• • 

Roldftr for . 




4 


2 

12 


1 ■ 

“ fusible, at 320° F 

4 

4 




_ 


1 

Rosin or 

“ “ “ 310° F 

3 

3 




•- 




1 

Zinc chlorid 

'* “ •• 202° F 

3 

.6 

3 











3 


4 









J 

!• 1 






J 


J 



Amalgams. 


Designation 

Lead 

Tin 

Zinc 

Mer- 

cury 

Bis- 

muth 

Cad- 

mium 

Amalgam for plane mirrors. 

_ 

70 

_ 

30 

_ 

— 

" “ curved mirrors. ‘ 

— 

4 

— 

1 

— 

— 

“ “ mirrors. 

1 

1 

— 

9 

1 


“ “ electric machines 

— 

1 

1 

2 

— 

— 

“ * by Singer 

— 

1 

2 

3 5-6 


— 

“ , anatomical 

4 

7 

. — 

20 

12 

— 

'* cadmium 

— 

— - 

— 

74 

— 

26 





78.26 


21 74 


For special consideration it may be stated that the alloys of 
mercury with other metals, generally known under the name 
of amalgams, constitute a very cxtensj^^e variety Besides the 
more common metals, the alkaline metals, potassium, sodium, 
etc., combine with mercury in lalmost unlimited proportions 
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Afeltinif-points of Alloys of Lead, Tin, Bismuth. 


CParks and Martin.) 


Parts 

Melting- 

points 

Parts 

Melting- 

points 

Parts 

Melting- 

points 








J3 





ja 







, OJ 





, v 



3 



1 


B 

u 

X! 

c 2 

T! 

3S 


B 

5 

c B 

1 


i 

L 

X3 

cl 



iS 


^ bO 



« 

|j^ 



G 

PQ 






9 

o 




0 

0 




0 

0 

3 

2 

5 

197 

93 

16 

14 

8 

290 

143 53 

30 

24 

8 

342 

172.22 

5 

3 

S 

202 

94 44 

16 

16 

8 

292 

144 4 

32 

24 

8 

352 

177.78 

0 

3 

8 

208 

97 78 

16 

18 

8 

298 

147 78 

32 

28 

8 

332 

166.67 

8 

3 

S 

226 

107 78 

16 

20 

8 

304 

150 1 

32 

30 

8 

328 

164 44 

8 

4 

8 

230 

113 33 

16 

22 

8 

312 

155 .55 

32 

32 

8 

320 

160 

8 

6 

8 

243 

117 22 

216 

24 

8 

316 

157 78 

32 

34 

8 

318 

158 SO 

’8 

8 

8 

234 

123 33 

18 

24 

8 

312:155 55 

32 

36 

8 

320 

160 

10 

8 

8 

266 

139 0 

20 

24 

8 

310 154 44 

32 

38 

8 

322 

161 11 

12 

8 

8 

270 

1.32 22 

22 

24 

8 

.308 

153 33 

32 

40 

8 

324 

162 22 

16 

8 

8 

300 

1148 89 

24 

24 

8 

310 

1.54 44 




«Ca 

d. 

16 

10 

8 

304 1.51 1 

26 

24 

8 

320 

160 

2 

1 

4 

1 

61 

16 

12 

8 

294 1 145 55 

28 

24 


330 

165 55 

8 

4 

15 

3 

62 


’ Perrotine alloy. ^Printing-rolls. * Cad. “Cadmium, 


McltlnK-polnts of Tin, Lead. 


Parts 

Melting- 

points 

Parts 

Melting- 

points 

Parts 

i 

Melting- 
point. s 

Parts , 

Melting- 

points 


h 

.c 

. c 

-•c 

c s 


XJ 

d 

ja 

. 0 
n'o 
c 2 


"0 

d 


c 2 

c 

X3 

d 


il 


1 


u 



d 

Fsi 






H 




> 4 I 

41 

332 

106.7 

4 

6 

412 

211 67 

4 

28| 

527 

' 275 

4 

50 

^551 

0 

288 3 

6 

41 

336 

169 

4 

8 442 

228 3 

4 

3()l 

530 

276.7 

4 

52, 

652 

288 9 

? 8' 

41 

340 

171 1 

4 

10 470 

243 3 

4 

321 

532 

277 8 

4 

54 1 

554 

290 

10' 

4 

348 

175 5 

4 

12 482 

250 

4 

34 

.535 

279 4 

4 

56 

555 

290 5 

12 

; 4 

336 

180 

4 

14 490 

254 4 

4 

36 

.538 

281 1 

4 

58 

556 

291 1 

14 

1 4 

362 

183 3 

4 

16 498 

258 9 

4 

38 

540 

282 2 

4 

60 

557 

291.7 

816 

4 

367 

186 1 

4 

18 505 

202 8 

4 

40 

542 

283 3 

4 

62 

557 

291.7 

18‘ 

' 4 

372 

188 9 

4 

20 512 

266 7 

4 

42 

544 

284 4 

4 

64 

557 

291 7 

20 

4 

378 

192.2 

4 

22 517! 

269 4 

4 

44 5461 

285 5 

4 

66 

557 

291.7 

22 

4 

380 

193 3 

4 

24 519 

270 5 

4 

46 548 

286 7 

4 

68 

557 

291 7 

24 

4 

382 

195 

4 

26 523 

272 8 

4 

48 550 

287 8 

4 

70 

558 

t 

292.2 


’ Common solder ’ Fine solder ^ Pewter 


Solutions of metals In metals. -Mercury, at ordinary tem- 
peratures, will dissolve lead, tin, zinc, and other raetals in 
almost unlimited quantities, forming amalgams. Among the 
other raetals, as of special importance, may he mentioned silver 
and gold. The most important metallurgical process of their 
extraction from the ores is based on this very (woperty ctf 
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mercury to dissolve, with facility and instantaneously on com- 
ing in contact therewith these precious metals Some metals 
seem to be insoluble in mercury, like iron, and some, like copper, 
only slightly soluble. The fact that copper plates are subject 
to amalgamation by mercury is proof that a small amount 
of copper is dissolved at their surfaces; but since the amal- 
gamation does not penetrate deeper in the mass of the copper, 
the indications are that the amalgam of coppef so formed 
while holding unalloyed mercury by the force of adhesion con- 
stitutes an impenetrable skin for the overlaid and adjacent coat 
of mercury, destined to abstract the silver or gold from the 
kernels of crushed gold-bearing quartz passing in a stream of 
water over it. 

A number of metals when in a molten or liquid state have the 
property of dissolving other metals in various proportion. Lead 
will dissolve gold, silver, antimony, tin, zim;, and other metals, 
in relatively great quantities, while copper, iron, and similar 
metals seem to bo only sparingly soluble in it The innumerable 
alloys, which can be formed with copper, zinc, and tin, seem 
to indicate that these metals are soluble in each other in con- 
siderable proportions. 

While iron is hardly soluble in any metal, the fact that the 
surface of the sheet iron can be supplied with an adhesive coat- 
ing of tin or zinc, shows that some of the iron must combine 
with these metals and form coatings of alloys probably of 
definite atomic proportions, to which a small quantity of the 
pure molten metal will adhere forming the real coat of tinned 
or galvanized iron. 

There is a probability that metals dissolved in this manner in 
each other form combinations of definite atomic proportion. 


Analysis of Metals. 


• Impurities 

Lake 

Superior 

Copper 

Panoa Tin 

Ingot 

Queensland 

Tin 

Specific gravity • 

a 487 

7 293 


Pyj>0, 

99 42 

0 013 
0.014 

0 537 

0 T)41 

99.978 

0 035 

99.794 

0 035 

0 165 

0 006 

Iron. . . . 

Silver ' 

Suboxid of copper 

Carbon. 

Lead 

Manganese 
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45a. TENACITY OF VARIOUS METALS AND ALLOYS. 

MAINLY FROM U. S. BOARD ON TESTS- 


Tenacity 

« 

Pounds per 
Square Inch 

Maximum Exten- 
sion, Per Cent 

Elastic Limit, 

Per Cent 

Kilogrammea per 
Sq. Centimetre 

P, 

Minimum 

Average 

Maximum 

Minimum 

Average 

Copj)er, c.ast, 

29H00 

15000 

24000 

7 5 

49 1 

2080 

1050 

1680 

Copper, forged , . . 

40000 

25000 

:i;iooo 

. 


2800 

1750 

2310 

" sheet, and bolts 



35000 





2450 

“ wire, hard. . 



00000 





4200 

“ with 0.013 plios. 



38000 





2960 

.. .. “ 



4.5n(K) 





3150 

“ “ 0.04 “ 



50000 






3500 

Tin, cast 

4000 

2000 

3000 

42 

47 

m 

14() 

210 

Zinc, cast 

0000 

500(] 

5.3t)0 

0 48 


420 

350 

385 

Lead. . 

2400 

100(1 

2000 



108 

112 

140 

Alaminiuin 

28000 

15(K)0 

21300 

■ 

50 

I960 

1050 

1500 


Copper, Zluc, Tin Alloys of Creates! Tenacity, 



Composition 




1 Composition 

Tenac- 

ity, 

Tortion 





ity. 

Tortioii 





Lbs. 

Break- 




! 

Lbs 

Breaking 





IHjr Sq, 

ing 

No, 




per Sq. 

Angle, 

No. 




Inch 

Angle, 


a 



Inch 

2 Sam- 


K 



Aver- 

2 Sam- 


S' 

fi 

d 

Aver- 

ple.s.Deg. 



a 

a 

age 

pies, 


J 

N 

H 

age. 



N 

H 

2 Sam- 

Deg. 











pies 


1 

55 

43 

2 

74,800 

40-43 

13 

55 

45 

0 

61,000 

52-65 

2 

54 

44 

2 

50,600 

5-40 

14 

52 ! 

40 

2 

51,100 

6-7 

3 

54 

43 

3 

70,800 

14-10 

15 

52 1 

43 

5 

02,000 

4-5 

4 

55 

42 

3 

73,900 

20-30 

16 

55 i 

40 


71,800 

4-7 

5 

56 

42 

2 

75,400 

55-40 

17 

58 

40 

2 

68,300 

54-43 

6 

50 

43 

1 

, 03.700 

53-42 

18 

54 

45 

1 

72,200 

43-54 

7 

55 

44 

1 

75,m 

54-53 

19 

53 

44 

3 

64,200 

8-5 

8 

53 

45 

2 

3G,8(M) 

9-0 

20 

54 

42 

4 

73,200 

6-7 

9 

53 

43 

4 

' 68,000 

6-5 

21 

.50 

41 

3 

75,100 

38-8 

10 

55 

41 

4 

75,300 

5-9 

22 

57 

42 

1 

73,400 

56-76 

11 

57 

' 41 

2 

09,100 

40-35 

23 

58 

41 

1 

54,000 

63-128 

12 

57 

43 

0 

01,400 

95-131 

24 

55 

44,5 

0.6 

68,900 



Of 23 different alloys selected from a great number of cop- 
per, zinc, tin alloys, on account of theit superior strength and 
toughness, and having compositions between 

Copper max. 58, min. 52 

Zinc' “ 46, “ 40 

Tin “ 5, “ 0 

two samples of each having been tainted. 



Alloyed Metals of Maximum Tenacity 
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A ductile alloy of highest tenacity, 85,770 lbs. per sq, inch, 
0030 klgrn. per sq cm., was obtained from copper 57, zinc 42, 
tin 1; a tough metal of the highest average tenacity, 75,826 lbs. 
per sq. inch, 5330 klgm. per sq. cm , of two samples of the 
same composition, was obtained from copper 55, zinc 44, tin 1; 
the lowest tenacity, 45,038 lbs. per sq. inch, 31GG klgm. per 
sq.cm from copper 58, zinc 41, tin 1; was very ductile. A 
brittle alloy of lowest average tenacity, 51,139 lbs. per sq. inch, 
3595 klgm per sq. cm , of two samples of the same composition, 
was obtained from copper 52, zinc 4G, tin 2. The alloys of high- 
est ductility were 

Copper 57, Zinc 43, Tin 0; 

Copper 58, “ 41, “ 1 

Alloys highest in tenacity and ductility combined considered 
as the best metals: 

Copper 55, Zinc 44, Tin 1 ; 

Copper 57, “ 42, “ 1. 

In order to prevent oxidation in melting these alloys, phos- 
phorus was added in the shape of phosphor-tin, which is com- 
mercially produced containing in 100 parts, 95 tin and 5 phos- 
phorus. 

Liquation. 

Liquation or the separation of melted alloys into two or 
more separate compositions while cooling, should be avoided. 

Bronzes or copper tin alloys, when cooled quickly, ' as is 
the case when cast in chill molds, are less subject to liquation 
than when cooled slowly or when cast in sand molds. 

It is generally considered that quick cooling prevents to a 
great extent liquation in any alloy. 

45b. SPECIAL ALLOYS AND COMPOSITIONS. 

Platinum-Iridium. — By composition, 98 5 platinum; 12.6 
iridium; by analysis, 90 platinum; 10 iridium. 

Spence’s “Metal.”— Discovered by Spence in 1879. It is 
a solution 6f metallic sulphids in molten sulphur, and is, there- 
fore, not a metal. Specific gravity 3.37 to 3 7. Melting-point 
320° F*= 1G0° C; expan(is on cooling. 

Uses— In laboratory for joints between caoutchouc and 
l^ass. Solder for gas-pipes. For joints in place of laad. For 
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Dissolve in 

1 Pint of 
Water 

Dr. 

• • .lOkAtO • 

ION • N -N iH-HtH 'odd •tMMQO 

Oz. 


Color 

Brown 

Black 

( Dark brown- 
' ish-drab 
\ Bright -red 

1 Red to 
( black 

Dark gray 

Dark gray 
Green-gray 

Copper color 

Coppier color 

R«d 

Purple 

15 to 18 for Copper 

19 to 26 for Zinc 


Nitrate of iron. . . 
Potassic sulphocyanid. 
Copper sulphate. . . . 
Sorlic hyposulphite. . . . 
Hydrochloric acid. . . . 
Pearl-ash. ... 

Sulphid of antimony . . 

Pearbash 

Sulphur 

Protochlorid of tin. . . . 
Potai=5«ic sulphocyanid. 
Muriate of lead. 

Copper sulphate. . . - 

Iron munate 

Iron muriate 

Pearl-ash 

Copper sulphate. . . . 
Sodic hyposulphite. . . 
Copper sulphate. . . . 
Garancine, boiling inf 
sion 

Logwood, boiling inf 
sion 

Refer- 

ence 

Number 

<0 «D h. 00 05 OO NM ^ lO CO 

^ ^ ,.4 PI M O 

Dissolve in 

1 Pint of 
Water 

c 

Q 

6 

iCiOCO^’^S ' '-"HiONO N • 

01 

I 

1 

T 

T 


Color 

( Brown to 

1 Black 

1 Red to 

1 Brown 

1 Red -brown 

1 Brown-red 

1 Brown-red 

1 Dark-brown 
j Yellow to 
t red 

Orange 

Olive-green 

Slate 

Blue 

Gray 

Black 

• 

For Brass by Immersion 
and Brushing 

• : • • : ^ .fi . . • • ■ • • • 

Nitrate of iron 

Perchlond of iron 

Nitrate of iron 

Hyposulphite of soda. . 

Nitric acid 

Hyposulphite of soda. . 

Oxalic acid > 

Nitrate of copper 

Nitric acid _ 

Ferricyanid of potassiun 
Nitric acid. . . . 
Ferrocyanid of potassiui 

Pearl-ash _ . . 

Persulphid of arsenic. .. 
Sulphur and potash. . , 
Perrauriate of iron. . . . 
Perchlorid of i on. 
Potassic sulphocyanid. . 
Hyposulphite of soda . 

Muriate of arsenic 

Perrauriate of iron. - . . 

Muriate of arsenic 

Chlorid of platinum. . . 

Ilefer- 
^ ence 

5 



N « "ft* »0 CO N Q005O 'Cf 


No. 4 boiled and cooled; No. 5 one hour for results; No. 12 heat to 82° C. 
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clear castings of perfect impressions Insoluble in water 
resists the action of most acids and alkalies 
Stitcon-Bronze. — (1) Reduce silica in the crucible by means 
of sodium. Add melted copper or bronze 

(2) Mix and heat in a plumbago crucible: Fluosilicate of 
potash, 4,i0 grams; glass in powder, 600 grammes; chlorid 
of sodium (table salt), 250 grammes; carbonate of soda, 75 
grammes; carbonate of lime, 60 grammes; chlorid of calcium 
(dry), 500 grammes When they begin to react on each other, 
put in the copper or bronze bath. Recommended as superior 
for telegraph lines. 

LACQUERS FOR ALLOYS. 

Shellac Varnish. 


Shellac 

Alcohol 

Red 

Yellow 

Color ModiBcatioQ 

Dragon’s 

Blood 

Ann otto 

Saunders 

Turmeric 

Gamboge 

Saffron 

Cape Aloes 

Sanderac 

oz. 

pt. 

dr. 

dr. 

dr.- 

dr. 

dr 

dr. 

dr. 

dr. 


4 

1 

— 

— 

— 

• — ■ 

— 

— 

— 

— 


1 

1 

— 

— 

_ 

, 

— 

— . 

— 

— 


1 

1 

— 

— 

— 

— 

1 

— 

3 

— 

Pale 

1 

1 


— 

— 

1 

1 

2 

— 

— 


1 

2 

1 

1 

— 

_ 

16 

4 

— 

8 

Plate-gold 

2 

2 

1 

1 s 

— 

32 

— 

— 

— 

8 

2 

1 

— 

— 

— 


2 


4 

— 

Pale yellow 

1 

1 1 

— 

1 

— 

4 

— 

— 

— 

— 

Full yellow 

3 

1 

■ 

2 

— 

16 

— 

2 

— 

— 

Gold 

3 

1 

4 

— 

— 

16 

— 

— 

— 

— 

Deep gold 

1 

1 

8 

32 

— 

— 



— 

— 

— 

Red 

1 

1 

— 

— 



20 



— 

2 

5 

Gold 

3 

1 

4 

— 

— 

1 

— 

. — 

— 

— 

Deep gold 

1 

1 

8 

32 





— 

— 


— 

Red 

1 

1 

— 

r 

“ 

4 

1 ' 

— 

1 — 

, — 

1 Green -bronze 


Varnish. 


Shellac 

Alcohol 

Red 

Yellow 

A, oz, Pyroacetic-ether 

B, oz., Spirits of Tur- 
pentine Vfirnish 

C, dr.. Spirits of Tur- 
pentine 

D, ma.stic 

£, dr., Canada Balsam 

II 

S flfl 
pW 1 

Annotto 

Saunders 

Turmeric 

Gamboge 

Saffron 

S 

-0 

c 

m 

oz. 

pt 

dr. 

dr. 

dr. 

dr. 

dr 1 

dr. 

dr. 


6 

3 


— 

— 

— 



— 

30 A, pale yellow 

3 

! 4 

— 

— 

AL 

64 j 

6 


14 

6 B, gold 

•3 

1 

i 40 

— 

12 

10 

— 



30 C. deep gold 

1 

— 


24 

— 


— 

10 1 

— 

1 B, red 

15 

6 

20 

— 


60 




30 D, 30 E, tin 
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46. HYDRAULIC DATA. 

Gravity. 

The speed attained after one second of time by a body falling 
freely in vacuum is the acceleration due to gravity, and is 
in ail books treating on the subject designated by the letter g 
This acceleration, g, expressed in feet or in nudre per second, 
is largest at the poles ol the earth and smallest at the ecpiator, 
and it diminishes us the elevation ol a place above sca-le\el 
increases. 

The highest value for the I'nited States at the sea-le\el of 
the northern limit thereof, about latitude 49° is g - 32.181) 
feet=9 8103 metres; at latitude 25°, 10, ODD ft above sea. 
level g= 32,089 ft 

Formula for Calculating the Value of g for any Latitude and 
Altitude, by Pierce. 

If 1= latitude in degrees, etc , e- altitude in feet above sea- 
level, then 

g= 32.0894(1 +52375X lO-'Xsin^l) (1957X lO-'^Xe) feet. 

A mean value in the United States may be taken as g— 32.16 
ft = 9 8024 metres 

At the poles of the earth g-^ 32.258 ft =9 83220 metres. 

Atmosphoric Pres.sure. — ^This pressure is usually meas- 
ured by’ the length of a barometric column ol mercurj', the 
mean of which at 0° C —32° F is considered to he 700 niilli- 
metre=29 922 inches 

This is e(iui\alent to a pressure of 1 0333 kilogiammes per 
square centimetre, or 14 7 pounds jjer s<iuare inch surface. 

The pressure per scpiare incli of a column of water 1 foot 
high i8= 0.434 pounds, and the heiglit of a column of water 
of 1 pound pressuie pei wpiare inch is = 2 304 feet 

The height of a column of water or the head of water equiva- 
lent to atmospheric ptos.«Hjrc or to a pressure of 14.7 pounds 
per sq. inch is =33 868 feet = 10 323 metre. 

The weight of 1 cubic foot of ordinary river and spring- 
water at mean temperature is approxirn#itely=62.5 pounds. 

Distilled water at maximum density, or 3 94° C =39.1° F., 
weighs 62.426 pounds, and at its boiling-point under mean 
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atmospheric pressure, or at 100° C. = 212° F, it weighs 59.84 
pounds per cubic foot. 

Ice per cubic foot weighs 57.2 to 57.5 pounds. 


46a. FALLING BODIES. 


Kclatlons of Velocity, Space and Time. —If ?>= velocity of 
a falling body at tlie end of /=tiinc in seconds during which 
the body falls, and height or space through wluch the fall 


takes place, then 

v—gt or v=\/2gh 


and h=^-2 ’^~'2g* 


velocity and height being expressed in the same units as g. 

These laws arc applicable to a falling body which meets 
with no resistance Such conditions, howe\er, are only arti- 
ficially obtainable, as in actual or usual exj)erimcnts of this 
kind when a solid body falls through air it will encounter the 
frictional resistance of the same; when the falling body is a 
li(pud it will gradually be subdivided into smaller particles 
by the action of this resistance, and the relations of velocity, 
space, and time will be greatly modified in such cases 

When watei' from a great volume, sucli as may be contained 
in a tank, in a pond, or in a stream, issues through an orifice 
at a point lower than the level of the upper surface of the 
water, and under the supposition that no resistance is ta king 
place, the jet so formed w'ould have the velocity: v-\/2gh, 
and the cjuantity q in cubic units of water flowing out of the 
area a in square units of the orifice would be: 


q=av=aV2gh 


h = tothe height from the centre of the orifice to the top sur- 
face of the body of water, and all quantities being expressed 
in the same units as g. , 

It has been found, how^ever, by experiment, that this quantity 
q IS subject to great variations under different circumstances, 
and that the actual quantity a must be determined for each 
specific case by multiplying q coefficient c, so that the 

actual quantity will' be q, = (o\/2gh 

For an orifice in a thin wall as in sheet metal or through 
the sharp beveled edge of the thick wall of a tank, the bevei 
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being on the outside, an average value of the coefficient r will 
be about 0 62, so that 

gi = 0.62a\/2f/A. 


Discharge througli tubes may vary considerably, changing 
with shape and relative length of tlie tubes 

Coefl9cients of Discharge Through Orifices in Thin Walls and 
Through Tubes. • * 


Shape of 
Orifice 

Diameter or i 
Depth, ' 

Inches 

Length, 

Feet 

Head of 1 

Water, 

Feet 1 

Value of 
Coeffici- 
ent C 

Tubes 

Head of 

W^ater » 

Coefficient C j 

Circular. . . 

0.25 


0 4 

lo 05 

3 diameters, long, 



“ 

12 


100 

0 50 

shall) in.side curiiers, 



Square. . 

0 25 

0 25 

0 ti 

0 00 

small 

low 

0 83 

0.25 

1 0 25 

100 

0.690 

large 

high 

0 80 

“ ... 

12 

12 

0 8 

0 597 

Inward projecting 

j 

0 72 

* * ... 

12 

12 

3 

0 003 

tul>e 

] 

f) 82 


12 

12 

100 

0 598 

Hounde*! inner cor- 



Rectangular 

1 5 

nXO.125 

0 4 

0 034 

nels; outside coni- 



‘ ‘ 

1 5 

«X 0.125 

10 

0 000 

cally enlaiged 


2 43 

“ 

12 

n 

0 8 

0 008 





12 

n 

20 

0 ()01 

Nozzles of best eon- 


0 97 






sl met ion 




The Miners* Inch.-- What may be called the standard miners’ 
inch is the quantity of water which will flow in a gi\en time 
from a vertical standard orifice, 1 inch s(]uare, in a thin wall 
with a head of water abo\ e the centre of the orifice of 6 ^ inches 
This quantity is about 1 5 cubic feet per minute This quantify, 
however, varies in different localities and ranges in ('alifornia 
between 1.2 and 1.76 cubic feet of w^ater per minute. 

Table of Customary Miners’ Inches. 


• 

Locality 

Size of Orifice | 

Head of Water 
above Oiifire 

Dis- 
charge o' 
Water in 

1 minute, 
Cii. Ft 

Number 

of 

Miners' 

Inches 

Ijength,^ 

Inches 

Height, ' 
Inches 

! 

From 

Centre, 

Inches 

From 
Lowei ' 
Edge. 

I nehes 

Standard 

1 

' 1 


» — 

1 5 

1 

Smartsville, Cal. 

1 250 

4 1 

' 6 5 1 

11 

— 

1000 

CJolumbia. Cal. . 

121 

12 


18 


200 

Montana 

n 

1 

1 ' ^ 


1 1 25n 

n 
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Vertical Jets from Smooth Conical Nozzles. 


Pres.sure in 
Pounds per 
Square Inch 

Ileiglit of Jet in Feet Diameters in 

Inches of Orifice oi itozzle 

1" 

H" 

li' 


Feet 

Feet 

Feet 

lo 

22 

2:i 

22 

50 

94 

99 

97 

100 

148 

164 

157 


Discharge ol Water Through Lcmg Pipes. 

Lampe’s Formula. 

If diameter of inside bore of pipe in feet; 

/= length of pipe in feet; 

effective net height, or head, of water in feet. 
g== maximum quantity of discharge of water in cubic 
feet per second ; 

D=s velocity of flow in feet per second, then: 

0.694 //A 0.555 

v^77.7Xd X M 


0.371 

d=0.217X? X 




2.694 

3=01 Xd X 


00.555 


46b. STREAMS AND WEIRS. 

Flow of Water over Weirs. 

If /i= height in feet of level of still-water over lower sharp 
horizontal edge of weir; 

breadth in feet between sharp vertical edges of weir; 

3 = quantity of water in cubic feet discharged per second; 
c= coefficient of contraction or of discharge, then: 

q^cxW^9'XbXfi^==cX^bhxV2gk. 

The number 0.044 may be taken as an average value for c, 
in which case the formula becomes: 
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q^0AZV2gXhXh^ or 
9=0.436V^» -0.436/iV^ 

Assuming g~S2 feet, whicii is close enough for all practical 
purposes, then the formula becomes: 

3.446/i V/T 

• • 

Value of Coefficient C under Various Plmenslons of Breadth, 
/>, and IloiKht, h, of Weir. 


HeiRht of Levc 
of Still Water 
over Ijower E<lgo 
of Weir 
h in I'cet 

Hreadth of Weir 
h m Feet 

Coefficient C 

0.1 

0 GO to 19 

0 G;{2 to 0.656 

0.1 

1 

0 639 

0.1 

10 

0.655 

0.7 

1 

0 590 

l.C 

10 

O.WM) 


Flow of Water in Natural Streams and in Bitches and Canals 

(Matter moved by flow of water at different speeds). 


1 

Speed in 1 
Feet i>er 
Second 

Material Moved by 
Flow of Watei 

S|)eed in 
Feet per 
Secoinl 

Material Moved by 
Flow of Water 

0.25 

Fine (’lay 

3 

Pebbles of about 1 inch 

0.5 

Loam and earth 

4 

Spalls and stones 

1 

Sand 

6 

Largo Btonea 

2 

(j ravel 



If measured velocity in feet per second of a stream of water; 
a = area of cross-section in square feet; 

O' ^quantity of water in cubic feet flowing per second, then: 

• q = av, 

and if. weight in pounds of the water flowing per second, 
w~()2.5Xq=Q2AXav. 

Designating by Fp= foot-pounds of work per second and by 
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/t— the head or height of fall in feet of the water above the 
level of the tail-race, then 

Ep = wh — 02, f) X qh — (>2. X nhv 

and as a horse-power is e<]ual to 33,000 pounds moved 1 foot 
33000 

high in 1 minute or *-^^^ = 550 pounds lifted one foot in 1 
second of time, we find, 

llorse-power, IT.P = - 0.1130 XgX A 

The best constructed hydraulic motor, liowever, does not 
transmit more tlian 0 90 of this fK)wer, and some may have 
an efficiency as low as 0.25 of the above theoretical power. ' 

4Gc. Hydraulic Motors. 

1. Water-wheels, which are distinguislied as: 

Overshot wheels in which the water-power is applied on top 
of the wheel 

Breast Wheels, where the power is apjdied at or near the 
central part of tlx) wheel, and 

Undershot Wheels, where the power is applied at or near the 
under side of tlie wheel. 

2 Turbines are generally horizontal wheels, but not necessarily 
so, they arc distinguished in: 

Outward-flow Turbines, in which the water is admitted 
through a central conduit or flume and performs its work while 
flowing towards the circumference of the wheel. 

Inward-flow Turbines, where the stream of water is applied 
at the circumference and p<*rforms its work while flowing towards 
the centre, where it is discharged 

Downward-flow Turbine.s, where the water is admitted at 
the rim of the horizontal wheel and performs its work while 
flowing downward. 

3 Reaction Wheels; the water is admitted at the central 
part and performs its work by flowing .outward through gen- 
erally two hollow bent tubular buckets. 

4 Impulse Wheels; water of considerable pressure is con- 
ducted to the wheel by a pipe, and performs its work by flow- 
ing put of a nozzle and impinging on the floats or buckets of 
the wheel. 
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5. Piston Motors; water enters a cylinder and moves a pis- 
ion, which is connected to a crank and a fly-wheel. 


47. WATER PURIFICATION. 

Impurities in Water and its Purification. 

Units of Impurities and Deflnitions. • * 

Hardness. — 'Hiis term designates the property of water, 
sontaining calcium, magnesium, and oilier salts in solution, 
to annul the effect of a certain amount of soap used with such 
water. 

If soap in a general way is considered as a sodium stearate 
with the formula: 

NaC,,H3,(), 

This compound, soluble in pure water, will he transformed 
into insoluble compounds by impurities in the following manner, 
when the impurities consist in carbonate or sulphate of lime: 

CaC 03 + 2NaO„Hv,(\= (\a(r,3H3.,0..)o+ ' 

or CaSO, + 2 NaC. Ca(C, 8ll3A). + Na,SO, 

Temporary Hardness. — It is supposed that free carbonic acid 
in water converts insoluble calcium and magnesium carbonates 
into isoluble bicarboiiatcs. Roiling drhes the free carbonic 
acid out, and the insoluble carbonates are precipitated. 

Permanent Hardness.— This is produced by calcium, mag- 
nesium, or other salts not carbonates dissolved in water Cab 
cium sulphate (gypsum) and magnesium chlorid may be pre* 
cipitated by heating the water under pressure to about 150° C. 
= 300° F., nearly. 

Determination of Hardness In Water. — The hardness of water 
is expressed in degrees as follows: 

Degree Clark, or Degree Wanklin means one grain of car- 
bonate of lime in one gallon, or in 70,000 grains of pure water. 

Degrc*e Frankland is one gramme of carbonate of lime in 
100 litres bf water at 4° C = 39° F , pr one grain or part of 
carbonate of lime in 100,000 grains or parts of pure water 

One part of calcium carbonate contained in one million 
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parts of water is etpiivalent to one milligramme of carbonate 
of lime, C-aCO,, in one kilogramme (one litre) of pure water, and 
is equal to 0.1 degree Frankland 

1 degree Frankland ==() 7 degree (Uark; 

1 degree (Uark =1.43 degree Frankland. 


47a. SUliSTANCES IN SOLUTION IN WATER. 

f f, 

Water of rivers and streams contains, besides suspended 
^’Cgetable and mineral matter, various mineral substances in 
solution, generally in small quantities only Spring and well 
water contains such soluble substances generallly in greater 
variety and in larger quantities. 

The finely divided earthy, silicious, aluminous, and vegetable 
niatter sus{K;ndcd in running water can be removed by filteN 
ing, scparatetl by settling and precl[)itated with part of the 
soluble matter by boiling 

(Chemically pure water (;an only be obtained by careful 
distillation 

Rain water, wdiich is ne.xt to it in purity contains various 
gases^in solution. At ordinary temj)erature and normal atmo- 
spheric pressure, 1 volume of rain W'ater can dissolve 1 vol. 
of carbonic acid. 

Solubility of Some fiases In Pure Water. — At 00° F= 15.55° C. 
and normal atmospheric pressure: 


100 volumes of water dissolve 100 volumes carl)onic acid. 

“ “ “ “ “ 2.4 “ “ oxid. 

u “ 1.8 “ air 

" “ “ ** 2.9 “ oxygen. 

“ “ *' ** 1.9 “ hydrogen. 

" “ “ “ 1.5 “ nitrogen. 

At 0° C 1 volume of 'water dissoh'cs 1148 volumes ammonia. 


The substances more generally found in natural W'aters are: 

1 Carbonate of Lime, commonly kpowui as chalk, limestone, 
marble, and expressed by the chemical formula CaCOg, dis- 
solves only sparingly 3 or 4 parts in 100,000 parts of pure'water, 
and. becomes nearly totally insoluble at a temj>erature of about 
J50°C=300°F 

If the water contains free carbonic acid in solution, then 
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2. Bicarbonate of Lime is formed , CaCyifCOj) , which is dissolved 
in considerable (juantities. At 77° C = 170° F one half of the 
carbonic acid is expelled, and the carbonate of lime is pre- 
cipitated. 

3 Sulphate of Lime or CSypsum. — CaSO^. Its solubility is 
dependent on the feinpcraturc and on the presence of other 
soluble matter, especially sodium chlorid or common salt in 
the water as follows: 


* • 


TcniiMjrature j 

Solubility 

Sodium-ohlorid Solution at 

65" F. = 18° C. 

)eg. F 

I>eK. F. 

(trains 

(iranjtties^ 

Stierifu' 

drains 

Grammes 

per (lalloii 

per Litre 

(iravity 

ppr dalloii 

per Litre 

32 

0 

143 

2 04 

1 014 

301 

4.3 

68 i 

20 

168 

2 4 

i.o:i4 

423 

6.04 

95 

35 

178 

2 51 

1 113 

301 

4.3 

212 

100 

152 

' 2 17 




300 1 

149 

0 

0 





When water holding sulphate of lime in solution is brought 
in contact with vegetable matter, the sulphate is reduced 
gradually to calcium sulphid, and hydrogen sulphid gas is 
liberated 

4 Clilorld of ralcium, (’aC\, — It is very soluble and its 
solul)ility increases with the temperature: One pound of pure 
water at ordinary temperature dissolves about four pounds of 
calcium chlorid 

5. Mtrate of Lime, CaNO„, rarely occurs and its presence is 
only of importance when the water contains sulphate of soda 
or magnesia, in which case sulphate of lime will be formed 
and precipitated. It is a very soluble substance. 

6 Carbonate of MaRne^ia, MgCOj, known as magnesite in 
mineralogy, is sparingly soluble in water about 3 to 4 parts 
in 100,000 of pure water. Is precipitated by heating to about 
150° 0-300° F , nearly. 

7 Sulphate of Magnesia, MgSO^, known as epsom salt, is 
very soluble Three founds can be dissolved in 10 pounds of 
pure cold water, the solubility increasing with rise in tem- 
perature. 

8. Chlorid of Magnesium, MgClj — ds very soluble; 3 pounds 
dissolve in 1 pound of pure cold water At high temperature, 
if in contact with iron, decoihposes and corrodes the iron. 
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9 Carbonate of Iron, FeCC)^ — In water holding carbonic acid 
in solution it is transformed into bicarbonate, which is dis- 
solved. By exposure to air the carbonic acid is replaced by 
oxygen and the iron precipitated as hydrated oxid, which is 
insoluble in water. 

10 Silicic Acid, Silica, SiOj — ^This substance is deposited 
by water of hot springs, in which it is present in solution as 
hydrated silica, sometimes in very considerable quantity. 

It is onl/ rarely met with in cold water which will not dissolve 
more than 0 3 to 0 4 parts in 100,000 parts or \ grain per gal- 
lon. It is generally in combination wHh alumina, 

11 Chlorld of Sodium, NaCl (Kitchen Salt). — 

100 parts water at 55 4° h’ , 13° C. dissolve 35,8 parts; 

“ '' " “ 228° F, 109° C “ 40.4 “ 

Its solubility seems to increase slightly and gradually with 
an increase of temf)crature Considerable quantities of this 
salt are dissolved in sea-water and in salt lakes. 


Composition of Sea-Water and of Boiler Incrustations, or 
Scale from It. 

(V. B. Lewes ) 



Sea-water 

Scale 

Per Cent 

Grains 
per Gallon 

Grammes 
per Litre 

Chlorid of sodium 

1850.0 

20.430 

2.79 

Chlorid of magnesium 

220 5 

3.15 

— 

Hydrate of magnesia 

— 

— 

3.39 

Sulphate of magnesia 

124.8 

1.783 

— 

Carbonate of magnesia 

trace 

— 

— 

Carbonate of Mme 

3.9 

0.55 

0.97 

Sulphate of lime 

93 .T 

1.33 

85 53 

Silica 

8.4 

0.12 

1.1 

Oxid of iron 



0.32 

Moisture 



5^9 




too 


47b. VOLUMETRIC TESTING FOR HARDNESS pF 
WATER. 

Water which contains in solution various proportions of 
the carbonates^ sulphates, or chlorids mentioned, has the 
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property to convert soluble soap into an insoluble compound, 
an earthy soap, forming generally a scum or curd without 
producing lather 

When testing water for hardness with soap solution, if it 
is desired to express such hardness in degrees ('lark or Wanklin 
70 c.c are taken, because 70 c c contain as many milligrammes 
as a gallon contains grains, 70,000 

If it is desired to express the hardness in degree Frankland, 
then 100 c.c, is taken as the volume of water to tested. 

Standard or Normal Test Solutions.— All solutions are 
standardized from a saturated lime solution, prepared as follows: 

Saturated Lime water. — Slake with distilled water 2 ounces, 
or about r)7 grammes, of quicklime, let cool, then mix with 
1 quart, or about t litre, of distilled water in a large bottle, 
shake well several times, let settle in well -stoppered bottle, 
then filter the clear li(|uid through clean filter-paper; use the 
liquid freshly made at a temperature of (10° F.— 15 55° C. 

Soap Solution.— In a mixture of 1 litre, or about 2 pints, 
methylated spirit and | litre, or about 1 pint, distilled water dis- 
solve 10 grammes, or less than ^ ounce, of fine (*ut castile or 
mottled soap. Keep cool and let stand for a few hours, shak- 
ing at intervals; then filter and keep in stoppered bottle, 

N 

One-flftlcth Normal Sulphuric Acid Solution « —112804 — 

1 gramme strongest concentrated sulphuric acid, 1020 grammes 
distilled water ^ 

Pour the acid in the water and keep the solution in a glass 
bottle and not in a stoneware jar 

Indicator Solutions.— For coloring lime water purple pink, 
dissolve 1 gramme=15 grains phenolphthalein in 0.5 litre =1 
pint of methylated spirit , 

For coloring lemon -yellow, dissolve 0 5 gramme =7 grains 
of methyl-orange in 0 5 litre= 1 pint of distilled water. The 
change of color from lemon-yellow into orange or pink can 
only be well distinguished in daylight 

Standardizing Solutloiis. — All solutions are standardized by 
a saturated solution of quicklime, the solubility of which varies 
with the temperature of the distilled water as follows; 
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Tempera- 

ture 

Quicklime, CaO 

Hydrated Lime, 
OaOH^O 

Carbonate of Lime 

Deg. 

F 

Dog ' 
(’ 

1 Ciiains 

Grunnnc'' 

Oruiti.s 

CJrammes 

Grains 

Grammes 

l»er 

jiei 

l>ei 

l)or 

j)er 

per 

(iallon 

Ijitie 

(iallon 

Litre 

Gallon 

Litre 

',V2 

0 

80 

1 . 14;i 

100 

1 .514 

142.85 

2.04 

fU) 

Ih 

70 

1 1 

02 S 

1 32ii 

125 

1.7857 

212 

100 

40 .5 

0 r>8 

53 6 

0 7057 

72.32 

1.033 


']’he siituriitod lime solution for stanrUirdizing should be 
freshly prepared and used at about t'()° K =- 15 55° C ,when it 
will contain 70 grains pet gallon or 1 gramme of quicklime, 
CaO, per litre of solution 

'Fhc one-fiftieth norihal sulphunV* acid solution is standard- 
i> 5 ed by gradually tidding the la. t jtortion of distilled water 
until 10 c.c neutralize exactly 5 c c of freshly prepared 
saturated lime solution, using as indicator a drop of phe- 
nolphthalein solution The purple {tink color of the indi- 
cator in the lime solution will instantly become colorless by 

.V ... 

a trace of acidity. The standard sulphuric acid solution 

will neutralize 0 56 milligramme of (‘austic lime for 1 c.c of 
a(!id used, which is e(]uivalerit to neutralizing 1 milligramme of 
carbonate of lime. 

Preparation of Water of Standard Hardness, — Neutralize 
with freshly prepared saturated lime solution U) c.c. of stand- 
ard one-fiftieth normal sulphuric acid solution Add to an, 
equivalent cjuantity of lime solution distilled water to make 
the volume 70 c.c for the production of water of Clark’s 10° 
hardness, or bring the volume to 100 cc for water of Frank- 
land’s 10° hardness =- Clark’s 7° 

Standard! zing Snap Solution.— When one centimetre cube of 
standard soap solution is shaken up with water containing 
1 milligramme of carbonate of lime in solution, then the lather 
formed will not persist o\er five minutes If the father dis- 
appears in less than five minutes, then the soap solution should 
be made stronger; if the lather should persist more than five 
minutes, then the soap solution should be diluted wifh the 
mixture of distilled wafer and met hylic spirit. 

1 In standardizing soap solutions for determinations of 
hardness in (lark degrees, 70 c.c of water of 10 degrees Clark 
standard hardness should be used, and for. determination! in 
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Frankland degrees the 70 c.c. should be diluted with distilled 
water to 100 c c. To this quantity of water of standard hard- 
ness, in a bottle of at least doulde capacity, add gradually 10 
c.c ot the soap solution; shake briskly If the lather formed 
persists for five minutes and not longer, tlien the soap solu- 
tion is of standard strengtli. If lather forms before all of 
the 10 c c of soap solution have been added, then the latter 
should gradually be diluted with the mixture of^ iuethylic 
spirit and distilled w-ater If more than 10 ec should be 
required to form lather then the soap solution should be 
strengthened. 

2 Standardizing soap solution independent of temperature 
of lime solution: Dissolve in chemically pure (c p ) hydrochloric 
acid, nn* exactly 1 gramme of pure cal(*ium carbonate, ('af'Oj 
neutralize with asliglit excess of aTumoniurn hydrate, NllgllgO, 
and dilute to 1 litre with freshly distilled water 

IMacc 10 cc of this solution in a glass-stoppered bottle of 
about 250 c c caj)acity and dilute with distilled water to 1(K) 
cc capacity; add gradually the soap solution in small por- 
tions, shaking after 6ach addition, until a lather forms which 
will persist five minutes. Note the number of c.c of soap 
solutions employed. 

Add in very small portions the same soap solution gradu- 
ally to 100 c c of pure distilled water containing no calcium 
salt in solution. ^ Shake after each addition and note the num- 
ber of c c of soap solution necessary to form lather which 
will persist five minutes Deduct this number from the num- 
ber of cc of soap solution used with the calcium salt solu- 
tion, and the number so obtained divided in the 10 milligrammes 
of CadOg will give the numl)er of milligrammes of carbonate of 
lime per c c of soap solution 

Sampling of Water. —Samples of water for testing should 
be put into absolutely clean glass vessels or bottles No 
earthenware, stoneware, or metal vessel should be used for this 
purpose. , 

Spring and well waters often contain substances which by ex- 
posure to the air are separated and produce turbidity or cloudi- 
ness. Such waters should be tested as <]uickly as possible. 
The water may originally be quite clehr, but will become 
turbid with iron oxid if it contains bicarbonate of iron, and 
in some cases may become nearly black. If the water con- 
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tains an excess of bicarbonate of lime and of free carbonic 
acid, by exposure to air it will gradually loose the excess of 
carbonic acid and a proportional amount of carbonate of lime 
or chalk will be precipitated. 

Water of rivers and streams having organic matter in sus- 
pension, may be decomposed after a few days, especially if 
sulphates in solution are present in the water Sulphates of 
lime, of#iyagnesia, or of soda arc liable to be changed into 
carbonates by the organic matter, and into the very bad smell- 
ing gas, sulphid of hydrogen, which will be liberated. 

Testing Water with Soap Solution for Hardness. — Measure 
out from the sample of water to be tested, 70 c.c. for deter- 
mination in Clark degrees and 100 c c for Frankland degrees. 
Put this quantity in a clean glass bottle of from 2 to 3 times 
the capacity of the volume of water to be tested. From a 
divided burette containing the standardized soap solution 
add gradually a small portion of the latter to the measured 
sample of water; shake after each addition. When the bubbles 
which may form break up and disappear quickly, an addition 
of a little soap solution is made, the shaking repeated, and 
the behavior of the bubbles observed. When finally the lather 
thus produced persists for four or five minutes without break- 
ing up, the test may be considered as ended. The number 
of c c. of soap solution used then indicate the degree of hard- 
ness in the water This number gives approximately the 
number of milligrammes of carbonate of lime or of its chemical 
equivalent Of other soap-destroying substances in solution, 
producing hardness in water 

Special Observations. — When lime only is present the reac- 
tion with the soap solution seems to take place instantly; but 
when magnesia accompanies the lime in about equal propor- 
tion, a profuse lather may form, which will, however, disappear 
in two or three minutes, and several c.c. of soap solution may 
be added until a persistent lather is formed. * 

Some experimenters have found .that magnesia destroys 
more soap than lime. In the presence of uncertainty it is 
well to make several tests with the same water, and if the 
presence of magnesia is suspected to dilute a sample of water 
to be tested with distflled water, when it will be found when 
magnesia is present that the diluted water will show a higher 
degree of hardness than the undiluted water. 
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To determine the hardness due to salts of magnesia, shake 
up 70 cc or 100 cc of the water to be tested with a little 
ammonium oxalate, and after filtering off the precipitated 
calcium oxalate treat the filtrate with soap solution 

Water containing vegetable matter has a tendency to froth, 
while water containing free carbonic acid will destroy a cer- 
tain portion ot soap. Freshly distilled water in quantity 
will freely lather with 1 c.c of soap solution, but will not do 
so after standing for a little while or after blowing m the bottle. 
It probably has absorlied a minute quantity of carbonic acid 
from the air. For this reason distilled water should be freshly 
made or reboiled for use in such determinations 
When the water to be tested shows ox er 20 milligrammes per 
litre in hardness, it is advisable to take only one half the quan- 
tity and make up the other half with distilled water. The 
number expressing the hanlness in degrees so obtained must 
in this case be doubled 

47c. THE PURIFK’ATION OF NATURAL WATER. 

For Dome.stic and Industrial Use. 

Natural settlement and decantation is employed principally 
for river- water holding in suspension earthy and organic mat- 
ter. The suspended impurities which cannot wholly be re- 
moved by settlement are in many cases separated by filtration 
through layers of sand or through specially constructed filters. 

Natural settlement and filtration may be assisted by processes 
for softening water, which will simultaneously remove in many 
cases the greatest part of the matter in solution. 

CIark*s or the Lime Process consists in adding to water con- 
taining bicarbonate of lime and bicarbonate of magnesia in 
solution, the proper proportion of caustic lime solution, con- 
verting the soluble bicarbonates into insoluble monocarbonates, 
which separate and settle in a comparatix ely short time w’hen 
the la^er of water is shallow. 

The reactions are indicated by the formulas 

(1 ) Ca02C02 + CaH.,02= 2 CaC 03 -h 
' • i2) Mg02C0,4-CaHA=MgCO3+CaC08-f-H,0 

another reaction with bicarbonates of^ magnesia, 

(3) Mg02C0j + 2CaH jOjy MgHjOj -f 2raC08 + HjO 
producing hydrate of magnesia, which is also insoluble. 
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When sulphate of magnesia is present in the water, although 
the magnesia is precipitated as hydrate, some lime remains in 
solution as sulphate; but the water is nevertheless somewhat 
improved, as gypsum is only sparingly soluble, Tlie reaction is 
indicated by tlie formula 

(4) MgS( ), + Call/)^^ Mgll/L + CaSO, 

The Sodii,, Process. —Waters containing sulphate of lime 
or sulphate of magnesia in solution, with little or no carbonic 
acid, are treated with a solution of carbonate of soda, convert- 
ing the sulphates of lime and magnesia into insoluble carbon- 
ates and the soda into sulphate, \\hich remains in solution. 
In the case of magnesia the reaction needs heat for completion, 

(5) CaS( h + Na,(Xh- CaC(),-l- NanSO, 

(0) MgSO, -h Na/X).,^ Mgf^( )., 4- Na.,SD, 

When free carbonic acid is present the lime or magnesia 
remain in solution as bicarbonates 

(7) CaSO , ■¥('(>.+ Na,r( > 3 = 0a02CO2-h Na,S( ), 

By heating, one half of the carbonic acid is driAen off, and 
the monocarbonates of lime or magnesia are precipitated. 

When caustic soda (hydrated sodium oxid) i.s employed, 
the action is more energetic, and desirable results are often 
obtained without heat, even when free carbonic; acid is present. 

(8) ('aSO, + >2 + 2Nan(W CaCOj-f H/) + Na^SO^ 

(9) Ca2(:CLf (:aS(), + 2 NalI 0 - 2 CaC 03 +Na„S(h-l H^O. 

For water containing, in addition to sulphates, carbonic 
Acid or bicarbonates in excess, the combined Lime and Soda 
Process can be applied, adding the necessaiy soda solution to 
reduce the sulphates and lime solution for the remaining car- 
bonic acid and bicarbonales. 

(10) Ca02C02 + COj -h CaSO, -b CaHPa-f 2NaHO 

= 3raC03 + Na,80,+2H20 

(11) 2(Ca02C02)-bCaS(), + CaH/L+2NaH0 

-4CaC03-|-Na2S0, + 2H20 

and when sulphate of msjgnesia is present, 

(12) Ca02a)a + 00^ + MgSO, + 2CaH,02 + 2NaHO 

= SCaCOg -b MgHj,0, + NajSO, + 2H3O 
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Bicarbonate of iron behaves similar to bicarbonate of mag- 
nesia, and the chloride and nitrates of lime and magnesia are 
treated like the sulphates. 

Remarks. — The quicklime for lime solution should be made 
with carbonate of lime or limestone as free as possible of foreign 
matter. The lime should be well slaked in just sufficient 
water to be converted into a very strong milk of lime, which 
after this should be well stirred in a considerable bulk of water. 
After settlement of the surplus lime, the clear limc*w^ater only, 
without particles of suspended lime, should be used. By 
slaking the quicklime, CaO is converted into hydrate of lime, 
CaHgOg, the latter being in reality only soluble in water. (See 
Table of Solubility.) 

Caustic Soda or Hydrate of Soda, NaHO, 

The Commercial (irades are as Follows: 


(All soluble in hot water.) 


Commercial Name 

Hydrate j 

Carbon- ■ 
ate j 

Sodiuti 

.i ® 

’C 4) 1 rt 

Sulphite 

Sulphate j 

0 

!l 

Insolu- 

ble 

Water 

Caustic bottoms 

58.61 

— 

5 0 

0 7 

0 2 

5 5 

6 1 

23 

— 

Vat-liquor cream 

74 6 

1 4 ' 

1 3 

0.2 

0 1 

2 2 

' 7 8 

— 

12 3 

Red liquor cream 

75 

3 1 

0 8 

2 1 

1 5 

1 5 

6.8 

0 2 

9 0 

60 per cent white 

79 8 

1 I 

0 4 

0.1 

— 

3 6 

15.1 

— 

— 

70 per cent white ca(ustic. . 

89 6 

2 4 

0 2 

0 3 

— 

3.4 

3 9 

— 

— 

High strength 

90 

0 2 

0 2 

0 1 


1.5 

1.3 




Make a nearly concentrated solution of the caustic soda. 
Take for water-softening preferably 70 per cent white caustic 
and pour this solution in the^ quantity of water required, Stir 
up and let settle, drawing the clear solution for use. Unpainted 
iron vessels with well made joints should be used for this purpose. 

(See page 230 for carbonate of soda ) 

Sulphate of Alumina Hydrated, Al 203 (S 03 ) 3 -t- ISHjO, contains 
51.35 per cent pure sulphate of alumina and 48.05 water in 
100 parts. * 

Soluble in cold an(i hot water It is mainly used for clarify- 
ing water, but it does not improve the quality for any pur- 
pose, as the bicarbonate of lime in the 4 \'ater is converted into 
sulphate of lime, which is one of the most undesirable ingre- 
dients in water for any purpose. 
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Sulphate of Iron, the Ferrous Sulphate (green vitriol)^ 
FeS(), + 7 Hp, soluble in cold water as well as the ferric sul- 
phate, FegSOfl, soluble in hot water, have been occasionally 
used for clarifying water, especially polluted waste waters. 

Carbonate of Soda, NagOCOa 

Commercially Manufactured as Follows! 




Per Pent Sodium 



Commercial Name 

! 

Chemical 

Formula 

0) 

g 

o 

a 

Hydrate 

Sulphate 

Chlorid 

Water 

Dissolves in 
Water 

Soda-ash (impure) 

Soda crs'stals (wash 

^ Na^C’Oa 
Na2CO.,+ 

GO to 70 

- 

- 


- 

hot 

Hoda'i . . . 

10H...O 

.34.22 

0.1 

2 54 

0.27 

62.84 

cold 

Soda crystal carbonate 
Concentrated crystal 

Na-jCOa+Hot) 

82.9 

0 

tr. 

tr. 

17 

hot 

soda 

2Nai.().3('()2 

70 

— 


— 


cold 

Pure alkali 

NajtX'Oa 

92.22 

1 

0 

0 14 

0.5 

0 

hot 


Water treated in. this manner is liable to retain some iron, 
which unfits it for quite a number of uses. 

While lime water and soda solutions may be mixed together 
for use, when sulphate of alumina or of iron is employed with 
the former, the solutions should be kept separate until they 
are actually added to the water to be treated. 

In the alum process of filtration, in which a small quantity 
of alum, K2S()4 + Al 2 ()a(S 03)3 + 24 H 2 (), from 3 to 0 milligrammes 
per litre, or the equivalent quantity of aluminium sulphate, 
Al20.,('S0.,)3 + ISHjO, is employed, the filtering operation is 
performed in closed vessels under pressure, the rate of fil- 
tration being greatly increased. 

The jelly-like precipitation of the aluminium hydrate, which 
forms in this process, clears the water and retains the bacteria 
in the filtering material. But the carbonate of lim^. is thereby 
transformed into sulphate of lime, or temporary hardness into 
permanent hardness of the w^ater, and in the case of alum, 
potassium carbonate remains in dissolution in the water. 

In the Iron process of purification metallic iron is a'gitated 
with the water in a :§ipecially constructed revolving iron drum, 
■then exposed to the oxidizing action of air and filtered through 
eand. 
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Distillation is the only process to obtain absolutely pure 
fvater. In the U. S. Navy, water aerated during distillation 
ind run through a bone-black filter for the purpose of improv- 
ing its taste, is exclusively used for drinking purposes. 


Solubility ot Various Substances in Water. 




Per Gallon 


Per Litre 

^ • 

Substance 

At 60® F. 

At 212® F. 

15.5®C. 

100® C. 


Lbs. 

Grs. 

Lbs. 

Grs. 

Grms. 

Grm.s. 

Alum (potaah-alum) 

0 Of) 

— 

35 7 

__ 

95 

3570 

Aluminium sulphate. . ...... 

3.3 

— 

8.9 

— 

330 

890 

CiUcium carbonate 

“ chlorid 

40 

2 5 

00-* 

1.5 

0 035 
4000 

0.021 

oo 

‘ ‘ hydrate 

— 

93 

— ■ 

53.0 

1 33 

0.706 

* ‘ nitrate 

40. 

— 

00 

— 

4000 

00 

“ ' oxid 

— 

70 

— 

40.5 

1 

0 58 

‘ ‘ sulphate 2 

— 

161 

— 

152 

2 3 

2.17 

Magnesium carbonate 

— 

— 

— 

1.5 

— 

0.021 

‘ ‘ chlorid “ 

30 

— 

40 

— 

2000 

4000 

“ hydrate 

__ 

2 

— 

2 

0 03 

0.03 

“ oxid 

— 

1.4 

— 

1.4 

0 02 

0.02 

“ sulphate 

3 

— 

13 

— 

300 

1300 

Sodium biborate (borax). . . . 

0.4 

— 

5.5 

— 

40 

550 

“ carbonate (dry) 

1.2 

— 

4 5 

— 

120 

450 

“ crystals... 

4.1 

— 

14 

— 

410 

1400 

“ chlorid 

3.5 

— 

4 

— 

3.50 

400 

“ hydrate 

6 1 

— 

00 

— 

010 

00 

“ hypo.sulphite 

5 

— 

20 

— 

500 

2000 

** sulphite. 

2.5 

— 

10 

— 

2.50 

1000 

•• sulphate 

1.1 

“ 

4.2 


no 

420 


1 Insoluble 290® F. 

2 Insoluble 300® F. 

* Insoluole 302® F. 

* 00 = unlimited. 


Water for Steam Boilers. — Such water should be as 
free as possible from substances forming hard incrustations 
or scales, and from corroding acidity before entering the 
boilers. 

Wate^ containing principally bicarbonate of lime in solu- 
tion, when heated to near the boiling-point in a feed-water 
heater, will lose half df the carbonic at id. The carbonate 
of Ijme and the suspended matter will precipitate and may 
be blown out of a properly constructed apparatus. If, how- 
ever. sulphate of lime is in solution, onl^^ a small part will sepa- 
rate by the elevation of the temperature to the boiling-point. 
8ucb feed-water must be heated to about 300° F., 149° C., 
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before entering the boiler, when the incrpstation will almost 
wholly form in the pre-heating apparatus, which must be so 
constructed that the scales can be easily removed. 


Water for Manufacturing 

And Technical Purposes. 

Where 'washing and rinsing operations have to be performed 
it is desirable to obtain as pure a supply of water as possible 

In such cases the water-softening processes indicated above 
may be of practical application 

For a great many manufacturing operations and processes 
a certain hardness of the water is not objectionable. 

47d. Water for Domestic Use. — Water containing bicar- 
bonate of lime is not considered objectionable, and only water 
containing other ingredients and especially sulphates of lime 
and magnesia should be avoided Sulphate of magnesia, or 
epsom salt, is extensively used in medicine as a purgative 
and although natural waters contain a relatively small pro- 
portion of this salt, they are, nevertheless, on that account 
objectionable 

A certain amount of sodium chlorid may not in itself be 
very objectionable in such water, but it becomes highly objec- 
tionable when a strong suspicion exists that the salt has reached 
the water by infiltration of sewage from the vicinity 

Water containing organic matter, vegetable or animal, is 
generally contaminated by bacteria, which, although in some 
cases harmless, may in other cases produce sickness and death, 
caused by typhus and cholera germs. 

The chemical examination of water relative to its adapta- 
bility for domestic use is therefore mainly directed to the 
determination of nitrogenous organic matter in the water. 

The presence of nitrogenous organic substances is mani- 
fested by: 

1 Free Ammonia* which, as the product of putrefaction of 
nitrogenous organic matter, is dissolved in contaminated 
water. It is distilled out of a measured quantity' of such 
water. The presence of free ammonia in water is not neces- 
sarily a sign of contamination; it may be in dissolution in un- 
zontaminated water 



WATER PURIFICATION. 


233 


2 Albuminoid Ammonia. — As derived from contaminated 
water, does not exist originally in the water The term has 
its origin from the fact that when ‘‘ albumen dissolved in 
water is decomposed by a strongly alkaline solution of potassic 
permanganate added thereto, ammonia can be distilled out 
ot this compound After free ammonia has been distilled from 
contaminated water, the nitrogenous matter yet in the water 
is decomposed by the addition of an alkaline solutioi^of potassic 
permanganate, resulting in the production of a second quantity 
of ammonia which will be liberated by distillation as before. 

3 Nitrites derive their existence from nitrogen in organic 
matter w'hich, combining with dissohed oxygen to nitrous acid, 
forms, with dissolved mineral substances, nitrites 

4 Nitrates are the result of a more complete oxidation of 
nitrogen to nitric acid, combining with mineral oxids to nitrates 

The presence of both nitrites and nitrates in w'ater are in- 
dicative of contamination, the nitrates more particularly of 
animal than of vegetable source. 

5. Required Oxygen. — This is the oxygen necessary for the 
complete oxidation of the organic inattei contained in con- 
taminated water 

Bacteria is a microscopical living organism which thrives 
and multiplies by feeding on nitrogenous organic impurities 
in water, 

Miquel, a French bacteriologist, after 15 years’ experience 
classifies water,' according to its contents of bacteria, per cen- 
timetre cube as follows: 

Excessive pure water 0 to 10 

Very pure 10 “ 100 

Pure ' 100 “1000 

Medium 1000 “ 10000 

Impure 10000 “ 100000 

Vefy impure above 100000 

Boiling for ^ hour wull remove 99 per cent of bacterial life; 
the .remftinder is entirely harmless. 

Absolute .^terility can only be attained by heating, the water 
for 45 minutes under pressure to 115° G. 
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AVERAGE CONDITION OF WATER 
From Various Sources. 


Standards for Unpolluted Water (1 to 5). 

(Parts per million or millijrrammes in 1 kilogramme (litre).) 


Designation 

Total 

Solids 

Hard- 

ness. 

Chlorn 

Nitrogen 

in 

Nitrites 

and 

Nitrates 

Authority 

1. Rain 

29.5 

3 

8.22 

0.03 

Rivers’ pollution 

2 Upland surface .... 

96.7 

54 

11.3 

0.09 

Commission of 

3. Deep well 

4.32 8 

250 

51 1 

4.95 

Great Britain 

4. Spring 

282 

185 

24 9 

3.83 

do. 

5. American rivers. . .. 

150-200 

50-150 

3-10 


A. R. Leeds 

6 Safe limit 

300 ’ 


50 » 


> Dr. Smart, 






^ Frankland 

7. To be condemned , . 

1000 




Dr. Smart 

8. Sewage 



110-160 



9. Human urine 



5872 




47c. Solutions for Determination of Cblorln» Ammonia, and 
Organic Matter.— Ali rcageniK for water analysis should be 
kept in bottles with ground caps covering the ground-glass 
stoppers. 

Standard Silver Nitrate Solution for chlorin determination: 

(1) Chemically pure crystallized silver nitrate . 4 . 8022 grammes. 

Distilled water to make the solution 1 litre. 

Each c.c. of this solution added to a solution of a chlorid will 
precipitate silver chlorid containing 1 mlgrm. of chlorin. 

(2) Sodium Carbonate, chemically pure 60 grammes. 

Distilled water 300 c.c. 

(3) Indicator. — Potassium chromate, pure 2 gr. 

Distilled water 100 c.c. ' 

Determination. — To 100 c c of the water to be examined in a 
white porcelain casserole or dish, add 1 c c potassium chromate 
solution, producing a distinct yellow color; then introduce gradu- 
ally, from a measuring-burette, silver elution until the yellow 
changes into a red tint The number of c c of silver solution 
added gives the number of mlgrms of chlorin in the 100* c c. 
of water and 10 times this number those in a litre of water 
or4he parts of chlorin fn million parts of water. 

When it is found necessary to operate on larger quantities^ 
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then 1 c.c. of carbonate of sodium solution is added to 1 litre 
of the water under examination in a white porcelain casserole 
evaporated to 100 c.c. and titrated as above. 

Should the water contain coloring-matter, which would 
interfere with the color observation, then freshly precipitated 
aluminium hydrate should l)e shaken up with the water After 
filtering, measure out the litre to be examined. The coloring- 
matter will have been removed. 

.• 

Nitrogen in Nitrite. 


(4) Sulphanilic acid 1 gramme. 

Distilled water, hot 100 c.c. 

(5) Naphthylamine hydrochlorid J gramme. 

Distilled water 100 c.c. 


Boil for ten minutes, keeping volume constant. Add pul- 
verized carbon when in glass-stopi^ered bottle and filter when 
required for use 

Standard Solution of Sodium Nitrite. — (0) Add to a solution 
of commercial sodium or potassium nitrite a solution of silver 
nitrate as long as a precipitate is formed. Decant and wash 
two times with cold water Dissolve in boiling water and 
concentrate. Crystallize from the hot solution and dry the 
silver nitrite crystal in the dark. 

Of dry silver nitrite so obtained, dissolve 0 22 gramme in hot 
distilled water, add a slight excess of sodium chlorid, cool, and 
dilute 'to 1 litre After the precipitate of silver chlorid has 
settled, decant 5 c c, of clear solution, which should be made 
up to 1 litre with distilled w^ater This standard solution of 
sodium nitrite contains in each c c, 0.0001 milligramme of 
nitrogen. ' 

Determination. — To 100 c c of the water under examination 
in a Nesakr jar add successively 1 c c. of sulphanilic acid solu- 
tion and 1 c c. of naphthylamine hydrochlorid solution, cover 
with watch-glass and let it stand for J hour, during w'hich 
prepare a number of ‘WNessler” jars by putting in each a 
known quantity, but different in each jar, of the sodic nitrite 
standard* solution, dilute with pure distilled water to 100 c c 
and add to each jar 1 c c. of siilpbanilic^acid and 1 c c of naph- 
thylamine hydrochlorid solution. At the end of the 30 minute® 
com|)are the pink color of the water to be examined with that 
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of the known sodic nitrite solution, and the nitrogen contents 
of the latter solution of the same depth of color as the water 
examined will indicate the nitrogen as nitrite contained in 
the water 

Nitrogen In Nitrates. 

Standard solutions. 


Phenol-suiphonic Acid. 

(7) Sulphufic acid, pure concentrated 148 c.c. 

Phenol, pure 24 grammes. 

Distilled water 12 c.c. 

(8) Potassium Nitrate solution: 

Potassium nitrate, KNO^, pure 0.7221 gramme 

Distilled water 1 litre 


Dilute with distilled water 100 c c of this solution to 1 litre, 
then each c c of this dilute solution will contain 0.01 milli- 
gramme of nitrogen as nitrate. 

(9) Sodium Chiorld solution: 

Sodium chlorid, pure (from metallic sodium), . 1.0497 grammes 
Distilled water 1 litre. 

1 c.c will contain 1 milligramme of chlorin 

Determination.— Add to 100 c c. of water under examination 
I c.c of sodium carbonate solution (2). 

Evaporate to dryness on a water-bath. Add to the dry 
residue 2 c.c. phenol-suiphonic acid (7) and then ammonium 
hydrate in excess (about 15 c.c ). Dilute with distilled water 
to 100 c.c in a “ Nessler ” jar, compare the color with the 
color of a number of similar jars prepared in the same man- 
ner with various but known quantities of standard nitrate 
solution. To each of the standard nitrate-solution jars should 
be added sodium chlorid solution, corresponding to the chlorin 
contents of the water under examination, previously deter- 
mined. 

Free and Albuminoid Ammonia. 

(Standard reagents.) 

10. “ Nessler’s »’ Solution * 

(a) Mercuric chlorid, pure HgClj, 16 grammes dis- 


solved in distilled water 0.5 litre. 

(6) Potassic iodid, Kl 35 grammes. 

Distilled water 200 c.c. 
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Pour the a in the b solution until a slight excess is indicated 
To this compound -add solid potassium hydrate, KOH, ICO 
grammes, and dilute to I litre with distilled water. Then 
from a strong solution ot mercuric chlorid, add very gradu- 
ally until the red mercuric iodid begins to be permanent. Let 
the precipitate settle. This reagent should have a pale straw 
color and will improve by age. 

A trace of ammonia or of ammonium salts ^yill produce 
in this solution a distinct brownish-yellow coloration. If the 
quantity of ammonia is sensible, a brown precipitate will be 
produced 

(11) Alkaline Potassic PcrnianKanatc. 

Solid potassic hydrate, KOII 200 grammes. 

Potassic permanganate, KjMn/lg . . 8 “ 

Distilled water 1250 c.c 

Boil down to 1 litre and keep for use. 

(12) Ammonia Solution (for standardizing). 

Ammonium chlorid pure dry 1 . 5706 grammes. 

Distilled water 500 c.c., ^ litre. 

5 c.c of this solution diluted to 500 c.c. represents 0.01 milli- 
gramme of ammonia, NH,, per c.a of the diluted solution. 

Water for this analysis should be specially distilled and the 
first 100 c.c. rej(^cted, and each successive 50 c. c. of distillate 
should be tested with the addition of 2 c c of Nessler solution 
in a Nessler jar, until by looking through solution lengthways 
at a white sheet of paper no change in color appears after a 
lapse of 5 minutes. 

Determination of Free Ai^monia. — Add to 200 c.c. of pure 
water 10 c c of sodic carbonate solution, in a tubulated glass 
retort connected to a Liebig condenser of large size. The 
neck of the retort should project 3 or 4 cm in the condensing- 
tube an3 a tight joint made with large rubber tubing. Distil 
about every 15 minutes 50 c.c. into a Nessler jar until 100 
c.c of distillate have been obtained. Test the second jar of 
50 CtC. by adding 2 . c c. of Nessler solution, so as to be sure 
that no ammonia is present 

Now add to the contents of the retdrt 500 c c or ^ litre of 
the water to be examined. Distil into each Nessler jar 50 c c 
until 4 jars are filled, which is generally sufficient. Add to 
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each successive jarful 2 c c of “ Nessler '' solution until no 
arnnionia reaction is apparent after 5 minutes. 

Measure in a number of Nctmler j'lrs various known quan- 
tities of standard ammonia solution, dilute each with pure 
distilled water to .'iO c.c., add to each, 2 c.c. of Nessler solu- 
tion, and compare the coloration with that of the jars con- 
taining the distillate of the water under examination. 

Suppose 7 c c of standard ammonia solution diluted to 
50 c c will Tnatch in color the first jar ol Nesslerized distillate, 

2 c c the second jar and I c.c the third, then, since each c.c 
of standard ammonia, solution contains 0 01 milligramme of 
ammonia, we have for the quantity of ammonia in the orig- 
inal i litre, 0 07 + 002+0005=0095 milligrammes, or 0,19 
milligrammes per litre ol water examined. 

Determination of Alhuinlnoid Ammonia. — Mix 200 C.C. of 
pure water and 50 cc of alkaline permanganate solution (11) 
iu a clean retort connected as above to a condenser. Distil 

3 Nessler jars full each of .')(! (; c. To insure freedom from 
ammonia add the 2 c c. of Nessler solution to the third. Then 
add 500 c c , ^ litre, of the water under examination to the con- 
tents of the retort Distil 50 cc jars off, add to each jar ob- 
tained 2 c c of Nessler solution, until no change of color takes 
place, or until it may become unsafe to continue the distil- 
lation Compare as before with standard ammonia solutions. 
The result will give the contents in the sum of free and albumi- 
noid ammonia Subtract from this the previously obtained 
result for free ammonia 

Determination 

Oxygen-consuming Capacity or Required Oxygen. 

Standard Solutiona, 

Dilute strong sulphuric acid, 1 part, in 3 parts distilled water, 
Potnssic Permanganate Solution. 


Potassic permanganate, pure 0 . 3952 graaaraes. 

Distilled water 1 litre. 


Each c.c of this solution contains 0.*1 milligramme of avail- 
able oxygen 

Oxalic Acid Solution. 

Crystallized oxalic acid, H2^2^^2H20 . 0.7875 grammes. 

Distilled water 1 litre 

10 c.c. of this oxalic acid solution diluted to 200 c.c. with pure 
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water and 10 c.c. of dilute sulphuric acid (1 acid to 3 of dis- 
tilled water) should be titrated while boiling, with the standard 
potassic permanganate solution and the required amount of 
the latter recorded 

Mix in a porcelain casserole 200 c c of water to be examined, 
and 10 c.c of dilute sulphuric acid, and add from a burette 
the standard permanganate solution until the color of the 
water is of a decided red. While boiling for ten minutes add 
gradually permanganate solution to maintain the »exact color 
of the start. Suppress the flame and then add 10 c c. or more 
of the oxalic acid solution, to destroy the color. Restore the 
solution to a faint pink color by the gradual addition of the 
permanganate solution 

From the total permanganate solution emidoyed should be 
deducted the quantity added for the 10 c.c. of oxalic acid 
solution The remainder will indicate the available oxygen at 
the rate of 0 1 milligramme per c.c of permanganate solution 
necessary for the consumption of the organic matter in the 
water. 

If nitrites, ferrous salt, or hydrogen sulphids should be pres- 
ent, the necessary correction should be made. 


47 (, FILTERING OF WATER SUPPLY FOR CITIES. 

Material, Thickness of Beds, Rate of Filtration. 


Location 


Berlin 

Zurich 

Hague 

Warsaw.* 

Hudson, N. Y . .. 

I Chelsea 

§ I Lambeth. . . . 

] Southwark. 

S ] W. Middlessex. 
M , East London. ■ 

1 Grand Junction 
Poughkeepsie, ■'N Y 

Liverpool 

Stuttgart 

Altona 





"aJ 




CO 

£5 

CO 

2 

•0 

T3 

§ 

TJ 

5 

6 

2 

6 

a 

0 

s 

0 

a 

ii 

J3 

Fine San 
Inches 

P 

U4 (ft 

o» 

s ^ 

Medium 

Inches 

Coarse G 
Inches 

Small St 
Inches 

Large St 
Inches 

1 Total Th 
Inches 

cn L. 

.1® 

22 

2 

6 

6 

3 

4 

12 

54 

74 

5 

32 

6 

4 


6 

— 

— 

48 

200 

14 

12 

10 



10 

— 

6 

38 



24 


2 

— 

3 

12 

11 

52 



6 

18 

6 

6 

6 

6 

24 

72 

50 

3 3 



'3 

39 


— 

- 

96 

36 

36 

27 

12 

112 

9 


36 

9 

27 

— 


84 

66 

66 

62 

43 

38 

3^ 

4 1 

2 7 
2 5 
2 5 









59 

4 

24 

- j 

- 

18 

- 

6 

24 

72 

60 

4 





• 




49 

3 3 




1 





60 

4 


^ t Xop layer, fine sand. Shells* Bottom, gravel or large stone. 
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Effects of Filtration. — Numerous investigations have shown 
that filters in good condition will remove not only suspended 
mineral matter from the water, but that an average of over 
98 per cent of the bacteria originally contained in the water 
remain in the filter, and that no disease-producing germs, as 
typhoid-fever germs and cholera genns, pass through it. 

A filter, however, becomes only effective for the removal 
of bacterif, and disease germs from the water, after the sand 
grains from the top to a certain depth have been covered 
by a gelatinous substance in which subsequently most of the 
organic matter in the water is caught and retained. 

The accumulation of this slimy matter on the top layer 
reduces the filtering capacity This layer, of about J inch 
thickness, must, therefore, be removed from time to time, 
say every three or four weeks in summer and at intervals of 
one and one-half to two months or more in winter. 

When the thickness of the filtering-bed has been reduced 
to a certain extent, then new sand, or the old sand thoroughly 
washed, should be replaced on the bed. 


Rivers. 

Drainage and Sedimentation. 


Iliver 

Drainage 

Area, 

Square 

Miles 

Mean 
Annual 
Discharge, 
Cu. Ft. 
per 

Second 

Sedimentation 

Annual 

Tons 

Height of 

Col. of 1 
Sq. Mile 
Base, 
Feet. 

■Depth 

Over 

Drainage 

Area; 

Inches 

Mis-sissippi 

1,214,000 i 

610,000 

406,250,000 

291 2 

4) 00288 

Rio Grande 

30.000 

1,700 

3,830.000 

2.8 

0 00110 

l*otomac 

11.043 

20,160 

5,557,250 

4 

0.0043 

Uruguay 

150,000 

150.000 

14,780,520 

10.6 

0 00085 

Rhone 

34,800 

65,8.50 

.36,000,000 

31.1 

0.01071 

Po 

27,100 

62,200 

67,000,000 

59 ' 

0.01139 

Danube 

320.300 

315,000 

108,000,000 

93.2 •' 

0.00354 

Nile 

1,100,000 

113,000 

54,000,000 

38.8 

0.00042 

Irrawaddy ^ 

125,000 

475,000 

219,430,000 

• 

209 

0.02005 


The data given in the foregoing and in the following table 
must be considered only, as very rough approximations. The low 
.water consumption in European cities may be explained by the 
continued use of the old-established wells. 
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Daily Consumption 
per Capita, 
Gallons 

125 

100 

99 

50 

100 

62 

87 

130 

106 

43 

77 

o ’I* 00 ® 10 ?C N N 10 M O 00 OO N W 1H 

N ^ 10 »0 CO 1 - 1 N ^ N eo <H 55 IH CO CO N N lO 

Population 

62,000 

60,000 

55.000 

51 .000 

50.000 

50.000 
49,300 

45.000 

40.000 
40,000 

40.000 

38.000 

. . . 2,400,000 

4,140,000 
583,700 
156,500 
74,500 
. . . 1,606,430 

335.000 
139, 70 

255.000 

280.000 
186,000 
189.980 

V4.200 

102,000 

298.000 

118.000 
139,000 

66.000 
. . 96,700 

City 

Hartford, Conn 

Saginaw, Mich 

New’ Bedford, Mass 

Manchester, N. H 

Birmingham, Ala 

CoAnngton. Ky 

Springfield, Mass. 

Harrisburg. Pa 

Augusta, Ga 

Sioux Citv, Iowa 

Holyoke, Mass 

Binghampton, N. Y 


Paris, France. . . 
London, England 
Hamburg, Germa 
Altona, ^ ‘ ‘ 

Basel, Switzerlan 
Berlin, Gerrr 

Breslau, ‘ 

Chemnitz, * 

Cologne, ‘ 

Dresden, * 

Frankfort, ‘ 

Hanover, ‘ 

Karlsruhe, * 

Konigsberg, ‘ 

Munich, ‘ 

Stettin, ‘ 

Stuttgart, ‘ 

Wiesbaden, * 

Zurich, Switzerlai 

Daily Consumption 
per Capita, 
Gallons 

92 

131 

143 

100 

75 

92 

220 

217 

124 

140 

105 

177 

80 

100 

60 

48 

74 

247 

164 

70 

162 

88 

151 

130 

28 

75 

53 

43 

200 

22 

Population 

1.900.000 

1.800.000 
1.200.000 
1,000,000 

574,569 

558.400 

3664X10 

300,000 

300.000 

257.000 
^ 250.000 

230.000 
nnn 

188,000 

180,000 

150,000 

150.000 
147,700 

115.000 

105.000 

106.000 
100.000 

98.000 

90.000 
.90.000 

90.000 
87,780 

87.000 

76.000 

70.000 

70.000 

64.000 

• 

>> 

B 

New York, N. Y 

Chicago, 111 

Philadelphia, Pa 

Brooklyn, N. Y 

St. Louis, Mo 

Boston. Mass 

Pittsburg, Pa 

Buffalo. N. Y. . 

Cincinnati, Ohio 

Detroit, Mich 

Milwaukee. Wis 

Washington, D. C 

Toronto, Ont 

Omaha. Neb 

St Paul, Minn 

Providence, R. I 

Rochdfeter. N. Y 

Indianapolis, Ind. 

Allegheny, Pa 

Atlanta, Ga 

Tole ’o, Ohio 

Albany, N. Y 

Drand Rapids, Mich 

Richmond, Va 

New H ven, Conn 

Fall Ri er. Mass 

Lowell. Mass 

Dayton, Ohio 

Des Moine6, Iowa 

Los Angeles, Cal 

Charleston, S- C. 
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MINERAL OILS. 

48. Condensers for Mineral Oil. 

Square feet of condensing surface per gallon of oil distilled 
per hour Heavy oil 1 sq, ft., burning oil sq. ft , naphtha 
If sq. ft, gasoline 2 sq, ft. 

Internal 'area of condensing pipe in sq. inches per gallon 
of oil distilled in 1 hour should be not less than 0,05 sq. inch. 
If d= internal diameter of pipe in inches; 

N — number of gallons of oil to be distilled per hour, then 
j , /OMxN , VJV 


Products of Shale or Coal Distillation. 


Commercial 

Name 

Sp. Or, 
of 

B, Boiling- 
point. 

M, Melting- 
point 

Latent Heat of 
Vaporization 

Vapor 

Density 

j 

Specific 
! Heat 

Water, 

1000 

Deg. 

0 . 

Deg. 

F 

Deg.O. 

t)erKgm. 

’ Water 

Deg. P. 
per Lb 
Water 

Gasoline 

Naphtha 

Burning oil. . . 
Intermediate oil 
Lubricating-oil. 

Paraffin wax . . 

Stearine 

642 

720 

756 

810 

843 

865 ; 

890 

21 

46 

80 

127 

B 

70 

115 

175 

260 

545 

M 

118 

130 

128 


100 2 
100.6 
133.5 
105.4 

3.005 

3.190 

4.270 

7 770 

0.5800 
0 5687 
•0.6104 
0 4991 
0.4950 
0.4492 
0.4441 
0.4164 
0.3659 
0.3520 


Quantity of Water Needed for Distillation of oys. 

If iV‘= number of gallons of oil to be distilled per hour; 
g=s: specific gravity of the distillate; 

//= latent heat of vaporization of distillate; 

5=8^cific heat of distillate; 

<= initial temperature of water; 
overflow temperature of water; 

, number of gallons of water of the temperature, f, needed 
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to distil N gallons of oil per hour and to cool it from 
its boiling-point b to 60° F, 

1 English gallon of water =^-10 lbs. 

10n(7’ -0 =-- lOyA^ X U + U)gN{h - 60)/Sj 

flfA'(7/ + (/>-60VS) 

— • 


Petroleum Products. 



Degret , 

Gravity 


Technical Names 




Uses 



Degree, 

Sficeific 




Baiime 

Waters 1 



B.i 

0° 

no 




18 3 

100 

0 GO 

An, esthetic, medical 
Solvent, gas machines 

Petroleum ether 

40-70 

80-85 

0 65-0 66 





and gas stoves 

Gasolene 

70-90 

80-110' 

75-80 

70-76 

0 66-0 69 
0 09-0 70 

do. 

Solvent for resins, 
stoA'es 



80-120 

62-67 

0 71-0 73 

Solvent, lamps 
Substitute for turpen- 

Belizine (deodorized). . . 

120-ir>0 

70-76 

0 69-0 70 


F.i 



tine, cleaning 

Burning oil’ (kerosene). .. 

43-,‘)0 



Lamtis 

Headlight-oil 

67 

1 


Locom oti ve head- 




lights 

Mineral sperm 

Lubricating-oil (neutral) 

. “ cylinder.. 

149 

32-38 

0.829 

Machinery 

Steam cylinders 


M.i 


. 

Paraffin, 1st quality. . . . 
" 2d “ ... 

" 3rd “ ... . 

61.61 

53.3 i 

57.3 J 



Candles & various 



applications 

“ scales 

56 




Rangoqn tar. . . 

’ ‘ ozokerite 

61 1 
62 f 



Combustibles 






1 B., Boiling. M., Melting. F., Flashing. 


Illuminating Power in Standard Candles of Oils of Various 


Specific Gravities. 


From Light-oil Stills 

From Heavy-oil Stills 

m 

Specific 

Standard 

Sr>eoific 

Standard 

Specific 

Standard 

Gravity 

Candles 

Gravity 

Candles 

1 gravity 

Candles 

716 

12.20 

794 

19 40 

801 

19 22 

,764 

20 70 

798 

18 60 

805 

20.26 

768* 

19 90 

804 

19 40 

814 

18.41 

774 

19 25 

811 

17 00 

818 

16 70 

779 

, 18 94 

816 

16 50 1 

823 

16.40 

784 

20.00 

818 

16 55 

830 

16 54 

791 

18 90 



836 

15 80 



MINERALS AND MEfALS. 


244 


Specific Gravities of Molten Paraffins. 


Temp. 

Melting-points 

Deg. 

Deg. 

C -42.2 

45.5 

49.4 

50 

50.4 

53.5 

56.25 

C. 

F. 

F.-108 

114 

120 5 

122.25 

122.76 

128.25 

133.25 

71 

16:) 

770.69 

771.93 

773 91 

771.79 

770 23 

. 775.73 

777.23 

f)8.5 

155 

771.19 

773.30 

775.31 

771.49 

771.63 

776.53 

778.53 

05.5 

150 

773.09 

774.73 

77 57 

771 19 

772.83 

778.03 

780.03 

62 8 

145 

775.09 

776.20 

777 77 

775 19 

774.63 

7" 9 73 

781.53 

60 

140 

V76 79 

777 63 

778 47 

776 89 

776 33 

781.33 

783.33 

67.2 

135 

77S 99 

779.. 53 

781 47 

778 69 

778 43 

783.03 


64 4 

130 

780 49 

781.13 

782.67 

780.29 

779.73 



51.6 

125 

, 781 99 

783 43 

784 41 





48.9 

120 ! 

783 59 

784 73 ' 






46.1 

115 

785.29 








C. “ degree Centigrade , F. = degree Fahrenheit. 


Solid Paraffin Waxes.’ 
(Specific Gravity.) 


Temp. 

I Melting-points 


Deg. 

F. 

o o 

sb 

44.4 

U1.5 

49 4 
120 5 

1 

50 

122.25 

52 

1 125.75 

55 

1 131 

16. sj 

60 1 

875.25 

882.30 

898 95 

901.05 

903.5 

908.65 


1 S. P. Stadler, Handbook of Industrial Chemistry. 


Detection of Mixtures In Mineral Oil. 

Wax In Oil. — Cool and press a small quantity of the oil. 

Fatty Oil. — Mix about \ ounce with a saturated solution of 
caustic soda in absolute alcohol, in a large test-tube, boil for 
20 or 30 seconds. The presence of only 2 per cent of fatty 
oil produces a gelatinous mass on cooMfcg. With a larger 
percentage the mixture becomes gelatinous and even solid 
while hot. 

For quantitative determination of fatty oil mix 50 grains 
of the oil to be examined with 500 grains of clean wfiite fine 
silicious sand, add an excess of alcohoHc soda solution, evapo- 
rate on a water-bath, with constant stirring, until all alcohol 
has been expelled; filter and wash with gasoline or other very 
volatile solvent until a drop of the filtrate evaporates on a 
watch-glass without leaving an oily mark. The soap formed 
by the fatty oil, attached to the sand grains, remains unaffected 
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by the volatile solvent; all the mineral oil is in the solution, 
from which the volatile part is slowly evaporated in a tared 
flask. By weighing the remaining mineral oil and subtracting 
its weight from that of the oil treated the quantity of fatty 
oil in the mixture is obtained. 

Bosln. — Rub a small quantity of oil between the palms of 
the hand and smell. 

Water. — Oil finished by an acid and caustic-soda treatment 
emits a slight crackling sound in burning, which c'fin be heard 
by applying the ear to the lamp. 

Oil finished by distillation does not emit such a sound. 


Data of Deep-well or Prospect Borings. 

(Drills operated through roriea. Up.: rods, Rd ; diamond-drills, D.) 


Location 

Apparatus | 

Advance in 12 Honrs -g Diameter Hours of Work 

V 

Average 1 

1 1 

« S Bore 1 


Total 

Exclusive 
of By 
work 

Inclusive 
of By- 
work 

Maximum f 

Total Dept! 

Surface 

Bottom 

Core 

Exclusive o 
By-work 

By-work 

Aver. 37 borings . 

Rp. 


2' 9" 

1 ( 80- 1 
1 1.300 

1 


Beyreuth 



8 4" 

1000 12 



Pennsylvania. . . 

* * 


70' 

100 RAM) 8 5i 



Budenberg 

^d. 

3' 1 8" 

2' 5.3" 

1290 18 

4749 1368 

6117 

Malkowitz 

* ‘ 

.3' 4.1" 

r 10.2" 

0 18.57 24 7 

4896i3912 

8808 

Sperenberg. . . 

“ 

7' 

2' 6" 

4170 



English (Hand) . 

“ 


l'-15' 

500 6 



Rheinfelden 







(Switzerland) . 

D. 


ir 10" 

65 1422 7 


1440 

Liebau (Silesia) . 

*• 


6' 5" 

1761 7 3 


.3288 

Bomishe firod. . . 

*• 


4' 10" 

2207 

3768 1680 

5448 

Tessenitz 

“ 


10' 

3978 

1 

7 

mth. 

'• 




1783 

i' 

5 

mth. 

Fauvelle.# 

— 


12' 

1206 2i 



Miohinn 

Bohladebach 

D. 


8'-60' 

60 

H 


(Germany). . . 




5760 11 1} 
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Normal Hydrocarbons mostly contained In Petroleum. 

Aiomic weighla in chemical formula, C*=12; H==l. 


Chemical Name 


Methane 

Ethane 

Propane 

Butane 

Pentane 

Hexane 

Heptane 

Octane 

Nonane 

Deoane 

Undecane 

Dodecane 

Tridecane .... 
Tetradecane ... 
Pentadecane ... 
Hexadecane . . . 
Heptadecane . . 

Octdecane 

Nondecane. . . . 

Eicosane 

Docosane. etc. . • 
Untriacontane . . 
Pentatriacontane 



Degree C. 1 

Specific 

Gravity, 

Formula 

Meliing- 

pfiint 

Boiling- 

point 

Water, 

1000 

CH 4 

C- 2 Hf, 

CaHs 

Ccrl)2 

CoHi4 

(.& 


-17 

1 

37-39 

71 

69 

125 

718 

-.51 

149 5 

733 

c”,iL 

-32 

173 

746 

C„H24 

-26 5 

194 5 

774 

CisHao 

-^12 

214 

775 

CiaHas 

- 6 2 

234 

775 

C’|4H30 

-f 4 5 

2.52 5 

775 


10 

270 5 

775 

(ViH34 

18 

287 

775 


22 5 

303 

776 

CikHss 

28 

317 

776 

C,9H40 

32 

330 

777 

C2(.H,2 

36 7 

205 

777 


44.4 

224.5 

778 


68 

302 

780 


74 7 

331 

78, 


Remarks 


Marsh -gas 

Gas 

Gas 


Ligroine 

P»p. gr. at 0“ C. 


1 

I Sp. gr. at melt- 
I ing-points 

I ordinary tem- 
I r>erature 


49. COMPRESSED GASES. 

Compressed Air. 


Pressure Absolute, 
Lbs per Sq. Inch 

Volume Air =100 
at 60° F. 

One Atmosphere 

Tempera- 
ture of 
Compressed 

Pressure Absolute, 
Lbs. per Sq. Inch 

Volume Air= 100 
at 60° F. 

One Atmosphere 

Tempera- 
ture of 
Compressed 
Air 

Pressure Absolute, 
Lbs per Sq Inch 

Volume Air = 100 
at 60° F 

One Atmosphere 

Deg. 

F 

Deg. 

C. 

Deg. 

F. 

Deg 

C 

14 7 

100 

60 

15.5 

70 

33.02 

357 

181.29 

250 

13.38 

15 

98.58 

63 

17 26 

75 

31 44 

375 

190 49 

300 

11.75 

26 

80 36 

108 

42 60 

80 

,30 03 

391 

199 26 

400 

9.58 

25 

68 59 

149 

04 76 

85 

28.77 

405 

207 66 

500 

8.17 

30 

60.27 

180 

82 10 

90 

27 62 

418 

214.71 

600 

7 18 

35 

54 01 

208 

98.38 

95 

26,. 58 

434 

223.25 

700 

6 44 

40 

49 13 

237 

113 86 

100 

25 63 

447 

230 91 

800 

5 86 

45 

45.18 

259 

126 54 

125 

21 8fi 

,508 

264.66 

900 

5 39 

50 

41.93 

• 282 

138.96 

150 

19 22 

561 

293.91 

1000 

5 00 

55 

.39 19 

.303 

1.50 53 

17.5 

17 23 

608 

319 87 

2000 

3.06 

60 

36 84 

322 

161 38 

200 

15 67 

649 

343 31 



65 

34 80 

340 

171 61 

225 

14 41 

687 

364 71 




Tempera- 
ture of 
Compressed 
Air 


Deg. 

F. 


Deg. 

C. 


772 

788 


1066 
11 7 
1200 
1256 
1310 
1706 


411.67 
1420.34 
480.76 
1530. 
1574. 
603. 
648. 
680. 
1710. 


‘ “TJote Gases found to exist in air after having b«n sub^cted to 

S ressure and at very low temperatures ■ Hdium, Argon, Krxpton, 
tdargon, Ethaion. 
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Ammonia. 


(From table by T)e Volson Wood.) 


Temperature 

Pressure 

Absolute 

Heat of 
Vaporization 
or Latent 

V olume of 
Vapor 

Volume of 
Liquid 




Klgm. 

B.T 

.U. 

Metric 

Per 

Per 


Per 

Per 

Deg. 

Deg. 


Lbs. 

T.U. 

Lb. in 

Klgm. 

Lb. in 

Klgm. 

F. 

C. 



per 

Klgm. 

Cubic 

in 


Cubic 




Sq. In. 

Sq. Cm. 

Deg 

.F. 

Deg.C. 

Feet 

Litres 

^ ♦eet 

Litres 

-30 

-34.44 

14.13 

0 993 

524 

84 

1.32.26 

18.67 

1165 

66 

0 0237 

1.480 

-25 

-31.67 

16.17 

1.137 

.521 

52 

131 41 

16.42 

1025 

18 

0 0238 

1 486 

-20 

-28.80 

18.45 

1.297 

.518 

23 

130.. 59 

14.48 

904 

06 

0.0240 

1 498 

-1.5 

-26.11 

20 00 

1 476 

.514 

90 

129 75 

12.81 

799 

79 

0 0242 

1 .511 

-10 

-23.33 

23.77 

1.671 

511 

66 

128 94 

11 36 

709 

26 

0 0243 

1.517 

- 6 

-20.. 55 

27.57 

1 938 

508 

12 

128 05 

9 89 

617 

48 

0 0244 

1 523 

0 

-17.78 

30.. 37 

2 135 

504 

12 

127 04 

9.14 

570 

65 

0.0246 

1 536 

6 

-15 

34 17 

2.402 

.501 

59 

126 40 

8 04 

501 

98 

0 0247 

1 541 

10 

-12.22 

38 55 

2 710 

498 

22 

125 55 

7.20 

449 

53 

0 0249 

1.555 

15 

- 0.44 

42.93 

3.018 

494 

93 

124 72 

6 46 

403 

33 

0 0250 

1 .561 

20 

- 6.67 

47 95 

3 371 

91 

,50 

123 86 

5 82 

363 

36 

0 0252 

1 573 

25 

- 3.80 

,53 43 

3.756 

488 

4i2 

123 02 

5 24 

327 

16 

0.0253 

1 580 

30 

- 1.11 

.50 41 

4.177 

484 

9 

122.19 

4 73 

295 

32 

0 0254 

1 586 

35 

1.67 

65 03 

4 635 

481 

56 

121 35 

4.28 

267 

22 

0 0256 

1 598 

40 

4.44 

73 

5.132 

478 

21 

’20 51 

3.88 

242 

25 

0 0257 

1 605 

45 

7.22 

80.66 

5 670 

174 

77 

119.89 

3 53 

220 

39 

0 0260 

1.623 

50 

10 

88.06 

6 254 

471 

44 

118.80 

3.21 

206 

42 

0 0261 

1 620 

65 

12.78 

97.03 

6.884 

46 

01 

117.94 

2 93 

182 

93 

0 026:1 

1 642 

60 

15.5 

107.60 

7.564 

464 

76 

117.12 

2 67 

166 

70 

0.0265 

1.654 

65 

18.33 

118.03 

8.297 

461 

82 

116 .38 

i 2 45 

1.52 

96 

0.0266 

1.661 

70 

21.11 

120 21 

0 084 

457 

05 

115.40 

2.24 

139 

75 

0 0268 

1 673 

75 

23.80 

141.25 

9.930 

4.54 

70 

11 4.. 58 

2.05 

127 

90 

0 0270 

1 686 

80 

26.67 

1,54.11 

10.834 

4,50 

.75 

113.59 

1.80 

118 

00 

0 0272 

1 698 

85 

20.44 

167.86 

11.800 

447 

75 

112.83 

1.74 

108. 

64 

0.0273 

1 704 

00 

32.22 

182.80 

12 851 

443 

70 

111.81 

1.61 

100 

52 

).0274 

1 711 

05 

35 

108.37 

13.945 

440 

05 

111.12 

1.48 

92 

30 

0 0276 

1 723 

100 

37.78 

1 

215 14 

15.123 

437 

.35 

110 21 

1 36 

84. 

91 

0.0277 

1 

1.729 
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^licaj, Temperatme: The temperature above which the gas cannot be compressed into a liquid. 

Jntical Fressiw: The lowest pressure under which a gas at the critical temperature can be converted into a liquid. 
The freezmg-point of carbon dioxide should probably be — ItS and not —65. (Author.) 
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Temperature of Liquefied Gases Evaporating Under Various 


Pressures. 


Pressure 


Boiluig-puiiits 

in Degiees C 


Atmos- 

pheres 

Centi 

metres. 

Mercury 

Air 

Oxygen 

Nitrogen 

('arbon 

Mon- 

oxide 

Carbonic 

Acid 

Kthyleiie 
or Ole- 
fiant Oas 

50 

_ 

— 

-113 


_ 



39 

— 

“140 

— 


— 

0 


35 

— 

— 

— 

-146 

— 

- 4 


27 

— 

— 

-129 6 

1 

— 

-12 

- 17.75 

24.4 

— 

— 

-133.4 

— 


-16 

- 20 6 

22.2 

— 

— 

-138.8 

— 


-18 

- 24 4 

17 

— 

— 

— 

-160 


-26 

- 32 

14 

— 

-146 

— 

■ — 


-34 

- 38 

4 

— 

-176 

— . 

— 


-64 

- 77 

1 

76 

-191.4 

-184 

-194.4 

-190 

-78 

-102.5 


75 

— 

— 

— 

- 

— 

-103 


73.5 

— 

— 

— 

-190 




74 

— 

— _ 

-193 





16 

— 

— ~ 


- 197 5 




12 

— 

— 

-201 





10 7 

— 

— 

— 


— 

-115.5 


10 

— 

— 

— 

-198 8 




8 

— 

— 

-201.71 




6 

— 


1 -204 

-201 5 




4 

— 

— 

-206 

-201 6 




3.1 



— 

— 

— 



-139 


0 98 

— 

— 

— 

__ 

— 

-150 4 


0 

-205 

r__ 

-213 





Note. — The second column indicates the barometric pressure. 


50. EXPLOSIVES. 

Gunpowder. Horthold Schwartz of Freiberg is said to 
have invented gunpowder in 1:^28. Explosives, however, have 
been known by the Chinese at least since the beginning of the 
Christian Era, and the Aiabs liave used an explosive mixture 
similar to gunpowder lon^ before its invention by the Fran- 
ciscan friar, Schwartz, in Germany. 

Composition of Gunpowder. 


In per cent parts. 


j 

English 


French 



Hunters 

War 

Mining 


Saltpeter 

74 07 

78 

75 

65 

62 

Charcoal 

14.82 

12 

12 5 

15 

18 

Sulphur 

11.11 

1 10 

j 12.5 

20 

20 
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Fulminate of Mercury.— Prepared as follows: To the disso- 
lution of 1 part of mercury in 12 parts of nitric acid add 1 1 parts 
of alcohol, 86 per cent strong, and bring to ebullition on a 
sand-bath. As soon as the mixture starts boiling, remove 
from the fire, but let the reaction continue for some time. 
When action has ceased, the fulminate will be found precipi- 
tated. Dilute with water and filter, Wash until no acid 
reaction is apparent; collect the little crystals of yellowish- 
white fulmifiate, and mix it on a marble slab with ^ its weight 
of saltpetre by means of a wooden spatula, forming in this 
manner a paste, which is distributed in proper proportion in 
percussion-caps, and dried. Is exploded by shock or by heat. 
Nitroglycerin, C 3 H 5 NP,.— It was first produced in Pelouze’s 
laboratory in Paris in 1847 by the Italian chemist Sobrero, 
Alfred Nobel, a Swedish engineer, devised methods for its 
manufacture in 1860. 

Preparation — 1 part glycerin is poured in a mixture of 2 
parts nitric acid of 1.525 specific gravity and 4 parts of con- 
centrated sulphuric acid of 1 83 sp. gr., keeping the tempera- 
ture below 25°C. = 77°F. Wash the nitroglycerin in water, 
being careful to remove all traces of acidity. Let the heavy 
oily nitroglycerin settle Remove and dry carefully. 

At ordinary temperatures nitroglycerin is a colorless or 
yellowish oily liquid of 1,6 specific gravity, insoluble in water 
but soluble in other, wood spirit or methylic alcohol, benzol, 
chloroform, and hot alcohol. 

It solidifies or freezes at various temperatures depending on 
the mode of manufacture and the purity of ingredients used, 
between 12 . 8 ° C. and 20 ° C. (Nobel’s at 12.8° C , Mowbray’s 
at 7 2° C., Champion’s at 20° C.) 

1 volume of nitroglycerin produces from 1300 to 1500 volumes 
of gases at 100 ° C , but this is expanded about 8 times by the 
heat produced by an explosion, the temperature of the gases 
reaching nearly 2600° C. , 

Nitroglycerin in a liquid state will not explode by a gradu- 
ally increasing pressure. A blow from*, a hammer will detonate 
the portion struck without selecting the remainder. 

When frozen or solid a blow or violent shaking may deter- 
mine the explosion of the whole mass. 

. Tlie detonation of gunpowder, of guncotton, or of fulmin- 
ate will cause nitroglycerin confined or otherwise to explode. 
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Heat necessary to explode it in a closed space, 257° C 

NltroKclatlne or Gelatinized NltroRlyeerin. — Invented by 
Nobel and patented Oct. 13tli, lS7(j, in England. Consists 
principally in a solution of soluble pyroxylene, soluble gun- 
cotton, or collodion cotton in nitroglycerin, with tlie addition 
of a few per cent of acid, ethers, or other solvents, or only 
by the aid of gentle heat applied to the nitroglycerin. 

The explosive jelly so formed can be pressed into cartridges, 
and its explosive sensibility modified by the addj^ion of other 
substances such as camphor, which renders the nitrogelatin 
more or less insensible to blows 

Nitrogelatine is a transparent elastic substance of a pale 
yellow color, of a density of 1 fi; can be cut. with a knife, but 
softens a little without becoming greasy when heated to 50°- 
C (122°- 140° F.) 

Dynamite.— Nitroglycerin absorbed in a porous substance, 
more especially silicious iidusorial earth known under the 
name of “ kieselguhr " in Hanover, Gerttiany. 

Colonia Dynamite.— Nitroglycerin 35 per cent and mealed 
gunpowder. 

Hercules Dynamite. — Nitroglycerin 35 per cent and mealed 
gunpowder. 

Vulcan Dynamite— Nitroglycerin 40 per cent and mealed gun- 
powder. 

Scranlne Dynamite. — Nitroglycerin and chlorate of potash. 

Horsley’s Powder — Nitroglycerin and chlorate of potash. 

Dufillne.— Njtroglycerin saltpetre and sawdust. 

Llthofracteur.— Nitroglycerin, 55; kieselguhr, 21; charcoal, 
6; barium nitrate, and bicarbonate of soda or either of them 
15; sulphur and manganese oxid or either of them, 3 per cent 

Ammonia Powder.— Nitroglycerin 14 to 20; nitrate of ammo- 
nium 8; charcoal 6 parts /by weight. Being hygroscopic, its 
maximum effect is only produced when freshly prepared. 

Giant Powder* No. 2 —Nitroglycerin, 40; saltpetre, 40; resin, 
6; sulphur, 6; infusorial earth, 8 per cent. 

Sebastin.— Nitroglycerin, saltpetre and a specially prepared 
charcoal. 

Brain’s Powder. — Nitroglycerin, chlorate of potash, and, as 
an absorbent, any carbonaceous material as coal dust, sugar, 
starch, etc' • 

Ehenifh Dynamite.— Solution of 2 to 3 per cent of naphthalin 
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in nitroglycerin, 70; chalk, 3; heavy spar, 7; kieselguhr, 20 
per cent. 

Forclte.— Nitroglycerin and gelatinized cellulose of a thin 
consistency, when combined as a blasting gelatin, is mixed 
with a mixture of nitrate of soda coated with sulphur and 
wood tar, with the addition of about 1 per cent of wood pulp. 
The cellulose or cotton is gelatinized by heating in water under 
pressure. Nitrated cellulose mixed with some oxidizing salt 
is also som*etimes used. 

The grades are; 

Forcite gfcZo/in,— Nitroglycerin 95, cellulose 5 per cent. 

Forcite No. 1, — Nitroglycerin 75, explosive base 25 per cent. 

Forcite No. 3. — Nitroglycerin 40, explosive base, 60 per cent. 

Forcite No. 3A. — Nitroglycerin 30, explosive base 70 per cent. 

Atlas Powder. — Nitroglycerin from 20 to 75 per cent, accord- 
ing to grade, wood fibre, nitrate of soda and from 2 to 3 per 
cent of carbonate of magnesia. 

Gelatine Dynamite. — Blasting gelatine with saltpetre and 
wood pulp containing from 80 to 60 per cent of nitroglycerin. 

Glukodine. — A saturated solution of cane sugar in glycerin 
produces by nitration a compound, when white and liquid, 
of about 33 parts of nitroglycerin and 3.2 parts of nitrosaccha- 
rose and when black 30.2 parts nitroglycerin and 4 parts nitro- 
saccharose. 

This is mixed with guncotton in the first case and charcoal 
in the second. 


American Hercules Powder. 

No. 1 

No. 2 

Nitroglycerin 

75.00 

1 40 

Saltpetre (potas.sic nitrate) 

2.1 

31 

Chlorate of potash 

1.05 

3.35 

Carbonate of magnesia. . 

20.85 

10 

W bite sugar, . 

1 

15.66 



Judson Powder. — Oxidizing salts (nitrates) are made noii- 
absorbent by coating them with a varnish of a hydrocarbon, 
solid at ordinary temperatures. To this, 10 per cent gritty 
anthracite is added and the whole mixed with 5 to 6 per dent 
of nitroglycerin, 

jPalelne or Straw Dynamite.— Nitroglycerin mixed with nitro- 
cellulose made from straw. 
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TrautE^'g Dynamite* — Nitroglycerin 75 parts, guncotton pulp 
25 parts, charcoal 2 parts. 

Carbo Dynamite.— Nitroglycerin about 90 per cent, carbon 
about 10 per cent. 

Snider Explosive. — Nitroglycerin 94 and a mixture of collo- 
dion, guncotton, camphor, and ether, 6 per cent. 

Von Dahmen’s Safety Dynamite — (Claims an addition to 
nitroglycerin preventing its freezing at low temperatures. 

Smolianinoff Explosive. — Adds to about 80 per ffent of nitro- 
glycerin a fluid, kept secret. It is claimed that the compound 
when charged in a shell can withstand the shock of a dis- 
charge from a gun. 

Glincottoil. — ^Braconnet of Nancy (France) discovered in 
1832 that when concentrated nitric acid acted on starch, fibres, 
and similar substances, highly combustible materials were 
produced. 

Pelouze, in 1838, found that cotton, paper, and other vegetable 
substances could be treated in this manner, that the com- 
pounds thus produced could be ignited at a temperature of 
about 180° C = 356° F. produced by a sudden pressure or a blow. 

Schoenbein, of Rale, Switzerland, in 1845 manufactured 
guncotton by treating cotton with a mixture of concentrated 
ritric and sulphuric acids. He is, therefore, generally con- 
sidered to be the inventor of what is called “ guncotton ” 
in English, “ schiesbaumwolle ” in German, “ fulmicoton ” or 
“ Pyroxile ” in French, from which the generic name of “ pyroxi- 
line ” is derived. 

Leak’s Process, — For the manufacture of guncotton, 1 part 
of nitric acid, sp. gr, 1.5, not less than 1.48, 8 parts sulphuric 
acid, sp. gr. 1.84, are mixed by flowing in thin streams in an 
earthen vessel and cooled before use. 

Cotton spun in loose threads and in skeins of 85 grms. in 
weight each, is hung on hooks and immersed for 2 or 3 minutes 
in a boiling weak solution of potash, 1.02 sp. gr., wrung out 
or centrifugated, washed thoroughly in cold water, and thor- 
oughly dried • 

A number of dried skeins are immersed for a few minutes 
in a* tall 'cast-iron vessel in about 230 to 300 times their weight 
of the mixture of acids, and then placed on a grating over a 
vessel into which the superfluous acief drips from the cotton, 
which is at the same time slightly compressed. In this con- 
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dition the cotton is nearly 10 times Jieavier as originally and 
is placed in a stone jar, in which it is left for 24 hours, well 
covered, preventing access of air, and kept at a temperature 
between 5° and 25° C The crude guncotton is wrung out 
or centrifugated in order to free it from acid as much as pos- 
sible, then washed in water and sometimes left in running 
water for several weeks, treated with a weak boiling solution 
of potash, washed in water again, and then dried in air at a 
ternperatun^ of not over 25° C = 77° F. 

Loose cotton or corded cotton can l)c treated in a similar 
way Sometimes the nitrated cotton is finally immersed in a 
sodium silicate solution for a short time and afterward exposed 
to the action of the air for several days, then again washed 
in running water and dried at a teiiii)erature of not more than 
35° C -95° F. 

Guncotton can be distinguished from ordinary cotton by 
the harsh feeling and by its strong electric attraction after 
having been rubbed between the fingers in moderate heat. 
When not confined or compressed it explodes, by the applica- 
tion of heat or by ignition, with a brilliant flame and a hissing 
sound, without a loud report. A blow from a hammer will 
only explode the part which has been struck. 

In a moist state, after having l)een compressed from pulp 
in a hydraulic press, it contains about 15 per cent water; it 
may be perforated by a red hot iron, or drilled into or sawed 
without exploding. 

By means of a detonator composed of a percussion-cap with 
fulminate of mercury and a variable amount of well dried and 
compressed guncotton, it has been exploded while containing 
as much as 17 per cent of water. 

One gramme (0.035 oz. avoir.) of guncotton produces about 
585 cub. cm, of gas at 0° C. = 32° F. and at ordinary barometric 
pressure of 760 mm. = 29.92 inches. 

Heat developed by explosion is estimated to be aboyt 4500° 
C «8132° F., producing a pressure of 15,300 atmospheres. 

Guncotton is insoluble and is not, affected by water. It 
can be kept in a wet state without decomposing for years, 
and is perfectly safe to handle in this condition. 

Schultze*s Gunpowder. — Wood pulp purified from resinous 
and fatty matter, dried and treated with acids, then finely 
ground and waterproofed. 
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lianoy’s White Powder.»-Nitrated wood or sawdust, 22 parts; 
sodium nitrate, 65 parts; sulphur, 13 parts. 

Uchatius* White Powder. — Potato starch, 1 part; nitric acid 
fuming, 8 parts. Keep the mixture cool, and pour the thick 
fluid in a thin stream into 16 parts concentrated sulphuric acid, 
under constant stirring. Let the resulting jelly stand for 
12 hours and wash repeatedly and alternately with pure water 
and soda solution; dry the white powder at a temperature 
uf 50° to 60°C. = 112°to 140° F. Strongly hygr»^opic and 
very rending when exploded. 

Tonite. — Guncotton finely divided and nitrate of baryta; 
about the same weight of each, 

Totten’s Gunpowder. — Grains of a nitrated material with an 
inside kernel of pure guncotton. 

E. C. Powder.— Nitrocellulose, part soluble and part insoluble 
in ether, 47 to 56 parts; cellulose unconverted, 3 to 4 parts; 
□itrAtes of potassium and barium, 38 parts. 

Johnson Powder, — Nitrocellulose, 50 parts; saltpetre, 22 to 
to 40 parts; barium nitrate, 0 to 25 parts; torrefied starch 
and lampblack, 3 to 10 parts. 

Nitromannlte.— Dissolve manna sugar, 1 part, in nitric acid, 
4 parts, add sulphuric acid until no more precipitate is formed, 
filter, wash precipitate, and dry at 40° C == 104° F. 

When pure, forms white aciciilar (needle-shaped) crystals, 
soluble in ether and hot alcohol. Its explosive qualities are 
similar to those of fulminate of mercury. 

Collodion Cotton.— Although not properly an explosive, 
it nevertheless enters in the composition of nitrogelatin ; Pul- 
verized saltpetre, 20 parts; sulphuric acid of sp. gr. 1.835, 31 
parts; cotton, 1 part Dissolve saltpetre in acid, keeping 
cool, then add cotton, let stand 24 hours at a temperature of 
about 30° C. = 86° F., wash 'with cold water, then with warm 
water, and dry. 

Flameless Explosives. — ^Explosives in which the flame is 
suppressed or quenched at the moment of explosion. 

Bobnrlte, by Dr. Carl Roth.— A mixture of two solid sub- 
BtanceG, neither being an explosive, and becoming such only 
when intimately mixed: chlorinated dinitrobenzol and ammo- 
nium nitrate, according to the formula CBHjClfNOjlj-i-ONH^NOg. 

Belllte, by Carl Lamm.— Melt di hr trinitrobenzol at a 
temperature of 80° to 90° C. » 176° to 194° F. and mix nitrate 
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of ammonia in it so that the grains the latter will be covered 
by the nitrobenzol 

Securlte. — About 20 parts of meta-dinitrobenzol and 74 
parts of saltpetre or ammonium nitrate 

Favler’s Explosive. —Saltpeter (potassium nitrate) or ammo- 
nium nitrate is coated with a molten hydrocarbon like paraffin 
and formed into a hollow cylindrical cartridge the interior of 
which is filled with a nitrated explosive, such as guncotton, 
picric acirf, chlorate of ammonia or of potash, the last two 
having been previously covered with an easily fusible hydro- 
carbon. The explosive compound is moulded into cylinders 
so as to fill the hollow of the cartridge and is inserted when 
needed. It is exploded by a detonator of gun-cotton or 
potassic chlorate of about its weight and a fulminate cap 

Hellhoflltft. — Nitropetroleum or nitrotar oils and nitric acid, 
placed in separate vessels so tliat they can automatically mix 
when desired to explode. 

Romlte,— Nitrate of ammonia and naphthaline or nitro- 
naphthaline are to be mixed, and when required for use chlorate 
of potash IS to be added 

Nitrate of ammonia coated with paraffin or naphthaline, 
and for use mixed with chlorate of potash. 

Rack-a-rock.— ("ompressed cartridges of chlorate of potash 
are impregnated just before use with a mixture of dead oil 
or other liquid hydrocarbon and bisulphid of carbon.- Nitro- 
benzol or a mixture thereof with picric acid may also be used. 

Panclastite, by Eugene Turpin. — Liquid nitric peroxid and 
bisulphid of carbon, 2CS2+3N2O4: 

N1 N2 

Chlorate of potash ' 80 40 

Coal-tar 14 to 16 15 

Wood charcoal 4 “ 6 40 

Nitrate of potash 40 

Granulated or in compressed cartridges. o 

Picric Acid.— By dropping melted phenol into boiling nitric 
acid, trinitrophenol, is obtained, called carb- 

azotic acid or picric acid, also produced by treating phenol 
or carbolic acid, CgHgOH, with a mixture of nitric and sulphuric 
acid 

Melenlte, by Eugene Turpin.— Picric acid compressed and 
cast, picric acid agglomerated with an aqueous solution of 
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arabic, picric acid combined with fatty bodies, heavy oils, etc., 
picric acid and a 3 to 5 per cent collodion solution in ether and 
alcohol. Picric acid in dry powder is primed by 1.5 grammes 
of fulminate of mercury. C’ast or agglomerated, a detonator 
of picric acid in powder primed by fulminate is employed. 

Similar compounds are known under the names Liddlte in 
England, Ecrasite in Austria, Thorite in United States. 

61. STRENGTH OF MATERIALS. ** 

Definitions and Explanations of Technical Terms. 

Stress. — The force tending to produce a physical change of 
form in material. 

Strain, — ^The change of form produced by a stress. 

Tensile Stress. — The force which acts by pulling apart. 

Tensile Strength, Modulus of Strength or Modulus of Tenacity. — 
The number of pounds necessary to produce rupture on a square 
inch of the material by pulling apart. The number of kilo- 
grammes producing rupture at a section of 1 square centi- 
metre of the material by pulling apart. 

Compressive Stress,— The force which acts by pressure. 

Compressive Strength^ Crushing Strength. Modulus of Crush- 
ing iBesistance, Coefficient of Crushing Resistance. — The number 
of pounds necessary to crush the material of 1 square inch 
of cross-section. The number of kilogrammes which will crush 
the material at a section of 1 square centimetre. 

Ultimate Strength. — The force expressed in units of weight 
producing rupture when acting on unit of area of the material. 

Dead Load.— A permanent or staying load. 

Moving Load or Live Load. — A temporary load, which comes 
and goes or which may be applied and remo\’ed. 

Elasticity. — Is the property of material to resume its orig- 
inal form after the removal of a distorting stress. 

Limit o4 Elasticity. — The stress in units of weight acting 
on unit of area, which if increased w^ould begin to produce a 
permanent set or deformation in the material. 

Modulus of Elasticity or Coefficient of Elasticity. — The stress 
in unitls .of^weight acting on unit of area which would shorten 
or lengthen any material an amount equal to its original length 
under the assumption that its elasticity would remain perfect 
Witliin these limits. 
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Elastic Resilience. — Is the work of resistance at the limit 
of elasticity. Load X elastic elongation. 

Ultimate Resilience. — Is the work of resistance to the pro- 
duction of rupture of the material. Load X total elongation. 

Transverse Stress. — The force acting transversely to the 
length of the material. 

Bending Stress. — Force acting by deflecting transversely. 

Torsional Stress. — Force acting by twisting the. material 
around. * 

Shearing Stress. — Forces acting in opposite direction in the 
same plane transversely on the material. 


Compressive or Crushing Strength. 



1 

Cast Iron > j 

Iron and Steel^ 
Carl)on, 

0.14 to 0.7G 

Wrought Iron^ 
Klastic Limit 

Steels^ 
Elastic Limit 


Lbs. 

per 

Square 

Inch 

Klgms. 

per 

Square 

(^nli- 

metro 

Lbs. 

per 

Square 

Inch 

Klgms. 

per 1 
Square 
Centi- 
metre 

1 

; Lbs 

I per 
Square 
Inch 

1 

Klgms. 

])er 

Square 

Centi- 

metre 

Lbs. 

per 

Square 

Inch 

Klgms. 

I>er 

Square 

(Vnti- 

metre 

Highest. 1 
Lowest . 
Average 

aLA....J 

167,000 

99,770 

145,118 

11,700 

7,014 

10,190 

140,68.3 

67,994 

98,042 

9890 

4780 

6900 

26,000 

1800 

50,000 

3500 


* Tests for ordnance. 

2 Bauschinger. 

2 British Steel committee. 


Compressive Strength of Stone. 


Name of Stone 

Tons per 
Square Feet 

Kilogrammes t>er 
Square Metre 


700 to 1000 
800 

350 to 700 
500 

200 to .500 

7,655.000 to 10,936,000 

8.749.000 

3,827,500 to 7,655,000 

5.468.000 

3.827.000 

2, 187,00t) to 5,468,000 

Basalt and trap 

Limestone and marble 

Best sandstone /. 

Sandstone, ordinary 

Slate 


* Shearing Strength of Iron and Steel. 



Pounds per 
Square 
Inch 

Klgms. 
tier Square 
Centimetre 

C==per cent carbon in steel 

• ^ • 

Pounds per 
Square Inch 

Klgms. 
per Square 
Centimetre 

Iron, single shear 
Iron, double shear 


41.000 

39.000 

2880 

2740 

48,000 + 32,000 0 

3374 + 2250 C 
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Vl^OODS* 

Board Measure. 


Timber is measured by board measure designated B.M., 
the unit being 1 sq. foot 1 inch in thickness. For sawed and 
hewed tim‘b3r the measurement may be expressed in cub. feet. 
For round logs the number of cubic feet is determined in accord- 
ance with the “ Ordnance Manual " as follows: 

If L= length in feet, p=mean girth in feet or the circum- 
ference at the middle of the log and volume or contents 
in cubic feet, then: 
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Woods Used in Build* 
ings and Machines 

Tensile per 
Square 
Inch 
1000 lbs. 

Compres- 

sive, 

Sq. Inch, 
1000 lbs. 

Shearing, 
Square 
loch, 
1000 lbs. 


Ash 


4-8 

G 

12 


8-12 

8-9 

5 

9 




5-6 

*9 

Box 

10-15 



8 


4-9 

4-7 

1-3 

8 


5-7 

3 


7-12 

4-5 

1-2 

7 

Cypress 

4-6 


Eltn. 

8-13 



8 

Fir 

6-10 


7 

Hickory. 

10-14 

10-14 

6-7 


Locust 

10-15 

7-9 

7 

12 

Lignum vitse 

10-12 



12 

Maple 


6 

8 

Oak, live 

10 

8-10 

8-6 

• 12 

Oak, white 

10 

6-8 

4-6 

11 

Pine, white 

3-8 

.^-6 

2-3 

8 

Pine, yellow 

^ruce, fir, deal 

6-12 

4-10 


4-6 

3 

7 

7 

Walnut, black. 

8 

6-7 

4-5 

12 

Poplar. . 

3 
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Yellow Pine Beams. 

Safe Uniformly Distributed Load in Tons of 2000 Pounds. 


Span in 


Depth in Inches (or 2-inch Thickness. 


Feet 

4 

6 

8 

10 

12 

14 

6 

0.370 

0.834 

1.482 

2 314 

3 343 

4 538 

8 

0.278 

0.624 

1.110 

1.736 

2 SO*)* 

3 402 

10 

0.222 

0.5 

0.0 

1.388 

2 

2 762 

12 

0.186 

0 416 

0 740 

1.158 

1.666 

2 268 

14 

0.158 

0.358 

0.634 

0.892 

1.428 

1 944 

16 

0.138 

0.212 

0.556 

0.86S 

1 250 

1 702 

18 

0.124 

0.278 

0.464 

0.772 j 

1.114 

1 512 

20 

0.112 

0.250 

0.444 

0.694 

1 000 

1 362 


61b. Formulas for the Determination of Parts in 
Buildings and Machinery. 

Columns or Pillars. 

If P- crushing weight in tons of 2240 pounds; 
dn thickness of pillar in inches; 

/—length of pillar in feet; 

them for pillars of from 4 to 30 diameters in length, according 
to Euler; 

For oak ^ P“ 10.95^ and 

d* 

for red pine P“ 7.81-p' 


According to Gordon: 


P- 



in which a— the cross-sectional area in square inches of the 
pillar; 

coefficient— 188 for timber generally —250 for dry 
V yellow pine; 

/-factor- 7200 for hard timber ^nerally- 5000 for dry 
yellow pine. 
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/r pillars of more than 30 diameters in length, according 
■Tredgold: 

If TF= safe load in pounds; 
b, t, and d= breadth, thickness, and diameter in inches; 

/= length in feet; then 

d* r 

W^nXjj for square; 

W’^nX-p ^or rectangular; 


W-nX j -^2 circular pillars. 

n= factor =1500 for beech, chestnut, elm, white pine; 
n=2000 for ash, mahogany, etc ; 
n==2o00 for teak, oak, and hardw'ood generally; 
n = 2200 for red pine and similar timber 


Beams Under a Bending Load* 

P=load in pounds applied at any point of a beam; 

W = uniformly distributed load in pounds; 

/= length of beam in inches between supports; 

6 = breadth and d = depth of beam in inches; 

P = stress in pounds at extreme fibres from Table ^‘Strength 
of Wood " page 260 


lieam firmly fixed at one end with the load P at its free 
extremity. 


1 


6 / 


Beam firmly fixed at one end with the load W uniformly 
distributed over the whole length: 


2 


W 


Rbd\ 

Zl 


Beam supported at both ends loaded by P at the Iniddle: 

' « pjnbd^ 



WOODS. 


Supported at both ends uniformly loaded: 


4. 


IF- 


4Rbd^ 

Zl 


Supported at both ends loaded in the middle by P and in 
addition uniformly loaded by IF : 

. o 2Rbd} W 


6. TF- 


4Rbd^ 

Zl 


~2P. 


Firmly fixed at both ends loaded at the middle: 


7 . 


4Rbd^ 

zi ■ 


Uniformly loaded; 


8 


31 • 


Relative Transverse Strength of Beams* 


Fastened at one end, load suspended from free end *= 1 

“ “ “ “ uniformly distributed over free length— 2 

Supported at both ends, load at middle = 4 

“ “ “ “ uniformly loaded — 8 

Fastened at both ends, loaded in the middle « 8 

“ “ “ uniformly loaded a»12 


Woods. 

Physical Properties and Adaptability for Various Purposes. 

Elasticity.— Ash, hickory, hazel, lancewood, chestnut, yew, 
enakewood. • 

Toughness.— Oak, beech, elm, ligniim-vita% walnut, hornbeam 
Evhu gi^ain — For carving and engraving- Maple, walnut, 
pear, box, lime tree 

Durability, f(yr dry works —Cedar, oak, beech, yellow pine 
Ahostnut. etc. 
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Fof mt construction.— Elm, alder, beech, white oak, plaoetree 
white cedar. 

Ship building. — Cedar, pine, fir, larch, elm oak, locust, teak. 

House building —White pine, yellow pine, oak, ash, spruce, 
sycamore, etc. 

Furniture, common.— Beech, birch, cedar, cherry, pine, poplar, 
walnut, etc. 

Furniture, /ine. — Amboy^ia, black ebony, cherry, mahogany, 
maple, walnut, oak, rosewood, satinwood, sandalwood, chest- 
nut, cedar, tulipwood, zebrawood. 

Machine and millwork; frame. — Ash, beech, birch, elm, 
oak, pine, poplar, etc 

Rollers. — Box, lignum-vitae, mahogany, etc. 

Teeth of gear-wheels — Crabtree, hornbeam, hickory, locust, 
maple. 

Patterns. — Alder, cherry, white pine. 

51c. PRESERVATION OP TIMBER. 

Wm. Burnett, 1858 — Chlorld of Zinc, 1 part dissolved in 
10 parts water is forced under a pressure of 100 lbs. or 125 lbs. 
per square inch into the pores of the wood. Cost from $5 
to $7 per thousand feet board measure. 

Dethell, 1838 — Saturating the wood with substances obtained 
from the distillation of coal tar, especially creosote or dead 
oil, applied under a pressure of 150 lbs. per sq. inch. Each 
cubic foot of timber absorbs in 12 hours from 8 to 12. lbs of 
dead oil. Cost of creosoting 1000 feet, board measure, oak, 
or spruce fir from $5 to $8. 

Seely.— Beats the wood in a bath of creosote from 212® F. 
to 250® F- long enough to expel the moisture from the woods 
The hot oil is then withdrawn and cold oil admitted Absorb- 
tion from 6 lbs. to 12 lbs. per cubic foot; cost about 30 cent, 
per cubic foot. 

RoUn — Treats wood with coal tar or oleaginous vapors in 
an air-tight chamber from G to 12 hours. 

Leuc/is. —Introduces the wood in an air-tight drum sup- 
plied with a steam-jacket; admits steam to the jacket* until 
all pioisture is .expelled, then admits a solution of paraffin 
jinder pressure for a certain time, after which the remaining 
paraffin is withdrawn. 
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i/ay/ord— Admits steam to the wood in a closed drum and 
forces air into it until a pressure of 40 lbs. per sq. inch is attained 
with a temperature oi 250° to 270° F This is continued 
from 5 to 12 hours, according to size and quality of timber 
treated. Then a vacuum is produced by an air-pump and 
the creosote oil is admitted and finally subjected to a pressure 
of about 75 lbs. per sq. inch for more or less time 
Bouchene, patented 1839 —The antiseptic used was crude 
pyrolignitc of iron Freshly cut timber with the* terminal 
foliage remaining was set vertically or horizontally, with the 
foot immersed in the solution of antiseptic, l.ogs were placed 
on end and a tank was placed above it, containing the solution 
communicating with an air-tight bag surrounding the upper 
part of the log. 

All kinds of deliquescent salt solutions were in this manner 
used by the inventor for different purposes 
Fast dyes were applied to woods by successively introduc 
ing the dye and the mordant, and odorous solutions were 
used to give the wood fragiance 
Beerizing consists in saturating timber with a solution of 
borax. ' 

Folded , — Uses the following composition to produce imper 
-meability and incombustibility in wood. 


Sulphate of zinc 25 parts. 

Potassa 10 “ 

Alum ' 20 “ 

Oxid of manganese 10 “ 

Sulphuric acid 60° B. 10 “ 

Water 25 “ 


, With the exception of the eulphuric acid, mix the chemicals, 
heat to 113° F., 45° C. Add the acid gradually. 

Afargert/.— Saturate wood with a solution of sulphate of 
copper. •Very generally used for telegraph poles in France, 
Germany, Belgium, etc. 
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52 . COLOR PIGMENTS FOR PAINTS, DYES, AND 
STAINS. 

Their constHuent 

Minerals and Metal Compounds. 

The shadings of all colors begin with white and end with 
black White may, therefore, be considered as the color 
from wliifh all other colors emanate, and black as the one 
in which all others disappear 

Any of the fundamental colors, white, black, yellow, red, 
and blue, may be modified by the admixture of one or several 
of the other colors and thereby may be formed composite 
colors, as, for instance,- gray, brown, green, violet, etc. 

White Colors. 

Barium Sulphate, BaS() 4 , is sometimes used as a pigment, 
ground finely from the mineral known as heavy spar, which 
for this purpose, after grinding, is levigated and dried. 

Blanc flxc is a variety of barium sulphate obtained by pre- 
cipitation, generally as waste material of other chemical opera- 
tions It is largely employed in the paper-making industry. 
It has good body and covering power, is permanent in air 
and light, and is probably the whitest pigment in existence. 

Griffith Zinc White is a combination of zinc sulphid, zinc 
oxid, and barium sulphate It works well with oil, has good 
body, and covers well, and is permanent in air and light. 

Gypsum, CaS 042 H 50 , wdien white, precipitated or -ground 
into a fine powder and levigated, may be used with water 
as a pigment. It is employed as filling for paper, cotton cloth, 
etc Permanent in air and light, it may be mixed with other 
pigments without producing changes. One • part gypsum is 
soluble in 500 parts of water In boiling hydrochloric acid 
it becomes entirely soluble. Calcination at a low, red heat 
converts it into plaster of Paris. i 

Magnesite. MgCO, — In nature it occurs in compact masses; 
combined with carbonate of lime it* forms the rock dolomite. 
Insoluble in pure water it becomes soluble in a solution of 
carbonic acid. As a finely ground and levigated ^wdpr it 
may.be used as a pigment; only employed in a few mixtures, 
, Orr*s White.— The reSult of a calcination of barium sulphate 
in a charcoal furnace, converting it into sulphid, dissolving 
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the barium sulphid out of the calcined mass by lixiviation 
with water, adding the resulting solution to a solution of zinc 
sulphate, drying, and carefully heating the resulting preci- 
pitate of a mixture of zinc sulphid and barium sulphate, so 
as to convert part of the zinc sulphid into zinc oxid This 
constitutes then a fine white pigment of very good body and 
covering power, mixing well with all vehicles and with other 
pigments, and is not discolored by sulphur fumes or by expo- 
sure to air and light Its composition in per f«nt is about 
70 baryta, 15 zinc sulphid, and 13 zinc oxid 

Satin White. — The precipitate resulting by boiling a solu- 
tion of alum or of sulphate of alumina with lime water As a 
pigment it is fair in body and covering power It is an excel- 
lent material for paper staining or filling, producing by calender- 
ing a highly polished surface on the paj^er, 

Spanish White.— A name given to a preparation of whiting 
or perhaps of white clay. 

Strontium White. SrSO^ ---Similar in clicmical composition 
to barytes and gypsum, from which it may be distinguished 
by the red color it produces in the Bunsen flame. Being rare 
it is hardly of use as a pigment. 

Sublimed White Lead is the name given to a mixture of 
lead sulphate, with some zinc oxid and lead carbonate in a 
variety of proportions. As a pigment it has good body and 
covering power, is permanent in air and light, works fairly 
well with oil, and is not i:)oisonous. 

White Lead 2 (PbC 03 )Pbn 2 ()j —Prepared by the usual indus- 
trial processes, of which there are a number, the principal of 
which is the corrosion process. It is generally obtained as 
a white powder and used as a pigment with oil and water; 
it is permanent in light and pure air, but will turn more 
or less brownish, and when used as a water-color, almost 
.black, in moist air contaminated with sulphurous gases. It 
mixei well with oil and water, has very good body and color- 
ing power, and may be mixed with all pigments free of sul- 
phur, without produoing chemical changes When sulphur is 
present it combines with the lead, producing lead sulphid, 
^bS, ’of a dark-^gray color White lead is often adulterated 
with barytes. By dissolving a sample of white lead in dilute 
nitric acid, the pure lead carbonate is completely dissolved, 
leaving the barium sulphate ^s an insoluble residue. 
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Whiting, CaCO,, Chalk, or Carbonate of Lime ground to a 
fine powder and levigated, is used in distemper, with water as 
a vehicle, for coloring walls and ceilings. With drying-oil worked 
into a stiff paste it constitutes putty. It mixes with all pig- 
ments which are not affected by alkalies. With a solution 
of glue, some drying-oil, and a large proportion of paper pulp 
it produces the material known as carton-pierre, which, pressed 
into molds and dried, is used for plastic interior decoration 
of rooms. ♦ , 

Zinc White « ZnO — As obtained by the combustion of zinc 
vapor and collected from the chambers and flues, in which 
it is deposited, it forms a pigment of a bluish- white color, mixing 
well with oil and other pigments. It covers well and colors 
fairly well. As a water-color it is known as Chinese white. 

Black Colors. 

Carbon Black, C — Collected from chambers and flues in which 
it is deposited from incomplete combustion of natural gas or of 
mineral oil; contains from 95 to 97 per cent of pure carbon, the 
rest being occluded gases and moisture. Mixed and ground with 
a good quality of drying-oil it makes fine printing and lithograph- 
ing inks. 

Bone-black, Ivory-black. — Bone in one and ivory waste or 
chips in the other case are calcined at red heat in a closed retort, 
. admitting no air. The resulting black material, if intended 
to be used as a pigment is finely ground, and in the case of 
ivory-black mixed with a good drying-oil forms a much-prized 
fine black paint for artists. In the case of bone-black, which, 
used as a paint with drying-oils, has a brownish hue, the 
finely ground material is extensively used in the manufacture 
of blacking. In grains, bone-black is used for decolorizing 
sugar, glycerine, etc. 

The composition of both in per cent is about 75 minerid 
matter and 17 carbon. \ 

Lampblack, C— resulting from the incomplete combustion 
of any oil or fat, is deposited in specially constructed flues, 
from which it is collected. It mixes well with other pig- 
ments, with oil, water, or any other vehicle. It consists 7Y>f 
about 94 to 95 per cent of carbon, the rest being water and 
a very small quantity qf ash. Lampblack has no diyring 
el^ect on the oil. Painting with it, therefore, dries slowly. 
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Yellow Colors. 

Antimony Orange, SbSj— A precipitate of bright-orange color 
resulting from the passage of sulphid of hydrogen through a 
solution of antimony chlorid. The dried impalpable powder 
constitutes a pigment nlixing with other pigments, except such 
^f alkaline nature or containing alkaline ingredients. It mixes 
well with oil and water, has good body and good covering 
powers, and is unaffected by air or light. 

Antimony Yellow, Naples Yellow, is a compouftS of oxids 
af lead and antimony of bright-yellow color, with good prop- 
erties as a pigment, but has of late largely been displaced by 
the cheaper chrome yellow 

Arsenic Orange, Realgar, AS3S2 — Occurs in nature or is the 
result of sublimation of a mixture of sulphur and arsenic. Its 
light color, body, and covering power restrict its use as a paint 
bo special cases only. 

Arsenic Yellow, King’s Yellow, Orplment, ASjSg — Found 
as a natural, coloring-matter, it is made artificially by passing 
hydrogen sulphid through a solution of arsenious acid. As a 
pigment it is now rarely used. 

Barium Chrome, Lemon Chrome, BaCr04 — A precipitate 
by mixing solutions of barium chlorid and potassium chlorate. 
Although permanent in air and light it is limited in use, having 
but slight body and coloring power. 

Cadmium Yellow, CdS.— This pigment is the precipitate ob- 
tained by passipg hydrogen sulphid through a solution of a 
cadmiifm salt. It mixes well with all vehicles, and as a paint 
has good covering power and remains unaltered in air and light. 
While it mixes with most pigments, it cannot be employed in 
Euimixture with pigments containing lead or copper. It is 
almost exclusively used by artists. 

Chrome Yellow, PbCrO^ —Manufactured in various shades 
and tints, generally by the addition of a variable quantity 
of lead Sulphate, PbSO,. Such pigments mix with others free 
of alkaline substances or of sulphur, they mix well with oils and 
water, and have very gocld coloring and covering power. Some 
cheap chrome yellow may contain barytes, gypsum, or china 
clay'as tmting medium. 

Chrome Orange, PbCrO^ mixed with lead oxid or lead 6ul> 
^ihate, making it a chrome yellow modified in color by a vari- 
(^ addition of the oxid or sulphate mentioned 
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Ochre. — A bright yellow or reddish-yellow mineral of natural 
occurrence, of variable and complex composition, principally 
of hydrated oxid of iron, silica, and alumina. As a pigment, 
when finely ground and dry, it mixes with other pigments, 
with all vehicles, oily and watery; as a paint it has good body 
and coloring power and is durable and permanent on exposure 
to light and air. 

Tin Oxld, Stannic Oxld, SnOj — Manufactured as a pale 
yellowish ^powder; is principally employed for coloring glass 
and pottery yellow, and for enameling. 

Zinc Chrome, ZnCrO^ — A yellow precipitate formed by 
zinc oxid in a boiling solution of potassium bichromate, or 
by adding to a solution of zinc sulphate a solution of potas- 
sium chromate It is of pale greenish-yellow color of but 
little coloring power and body. 

Brown Colors. 

Sepia. — It is a brown coloring-matter from the ink-bag of 
the cuttlefish. It is mainly employed as a water-color by 
artists. 

Sienna in its raw condition is of a reddish or yellowish-brown 
color, but is mostly employed as a pigment when burnt Raw 
sienna finely ground, levigated, and dried makes a pigment which 
mixes with other pigment without change. It mixes well with 
oily and watery vehicles, is, as a paint, permanent in light and 
air; its coloring power and body are relatively slight. 

Umber. — A natural pigment occurring in various . shades 
of brown and of variable composition. Calcination makes the 
shade darker. Its composition in per cent may vary as fol- 
lows; Silica, SiO,, 12 to 30; ferric oxid, FcgOg, 6 to 36; man- 
ganese dioxid, MnOj , 10 to 12, to which may be added small 
proportions of alumina or lime. In some specimens the silica 
may be found to be replaced by barium sulphate up to 30 per 
cent and a little calcium sulphate. All umbers mix yell with 
other pigments, and mix well with oil or water. As paints 
they have fair covering and coloring power and are perma^ 
nent in light and air. 


Red Colors. 

^ Antimony Vermilion, c Sb^S, — A scarlet-red precipitate hxiiiL 
mixing solutions of antimony chlorid and sodium thiosulplmte. 
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This pigment being a sulphid of a bright-vcrmillion color 
when employed for coloring vulcanized rubber, is unaffected 
by the sulphur in the rubber. 

Carmine is a red-lake pigment derived from cochineal, and 
is of a very complex chemical composition. It mixes well 
with oil and with water containing some ammonia in solution, 
and forms a powerful staining paint of a bright crimson-red 
color. It is completely soluble in ammonia, but is insoluble 
in water and in alcohol. The color fades somdlvhat in light 
and air. 

Carmine Lake derived from cochineal licjuor after the extrac- 
tion of carmine, is an alumina lake only partially soluble in 
ammonia, but soluble in caustic potash or in caustic soda. As 
a paint it works in oil or water, but the brightness of its red 
color faints by exposure to light and air 

Derby Ecd, Chrome Bed, Chinese Bed, American Vermil- 
ion, Pb 0 PbCr 04 — The result of decomposition of carbon- 
ate of lead in a solution of neutral chromate of potash. The 
powder obtained forms a pigment of a somewhat brilliant red 
color Mixed with oil it forms a paint, which, on account of 
the heaviness of the pigment, works with a little difficulty, 
with good coloring and staining power 

Indian Bed. — A dark-red pigment occurring in nature or 
prepared by calcination of ochres, of various composition, 
ferric oxid, FCgOj , being the main coloring medium, which may 
vary in quantity in various samples between 44 and 95 per 
cent-, the other ingredients being carbonate of lime, barium 
sulphate or clay. These pigments mix well with water, and 
oil, and as paints have good coloring power They are mainly 
employed as stains. The pigments mix well with other pig- 
ments without provoking^ or producing changes. 

Red colors, under the names of oxid red, vermilion red, tnr- 
Icey red, are all similar to the above. 

Botge, or Colcothar, is a red oxid of iron obtained as the 
residual of the calcination of copperas. 

Rose Madder, an aiumina lake with an extract of madder 
of a rose color; a high-priced pigment mixing well with water 
and oil, and almost exclusively used by artists. 

Bose Pink. — An alumina lake with an extract of Brazilwood 
on a base of some white pigment, nJbstly used for paper stain- 
ing and wall-paper printing 
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Boyal Reds are obtained by precipitating the coal-tar color 
eosine, with lead acetate solution on a base ol red lead or of 
barytes or of a mixture of the two in various proportions for 
modifications of tints This pigment mixes well with water and 
oil, but the color faints somewhat by e'kposure to light and 
air In alcohol and in methylated spirit the solution takes 
place with fluorescence and acquires a bright-scarlet color. 

Red Lead, J’baO^ — Orange lead, obtained by an oxidation 
process in specially constructed furnaces, is a bright-scarlet red 
pigment exercising a powerful drying effect on oil, with which 
it mixes well. As a paint it is considered to be the best mate- 
rial for grounding iron-work, as it preserves the iron from 
corrosion better than any other paint. On account of its dry- 
ing property it is used as a cement in pipe-fitting for all pur- 
poses It is extensively used for electric storage batteries, 

Sienna when burnt is of a bright, somewhat yellowish red. 
With the exception of loosing its combined water it does not 
differ in composition from the raw state. Its main compo- 
nent parts in per cent are ferric oxid, FCgO^, 45 to 75, silica, 
SiO, , 7 to 23, alumina, AljO^, 1 to 15. Burnt siennas mix with 
other pigments without changing or provoking changes They 
mix well with water, oil, or methyllic alcohol. They are mainly 
used as staining colors, as while their coloring powers as paints 
are good, their covering powers are only moderate. They are 
permanent in light and air. 

Vermilion, HgS — This sulphid of mercury occurring in 
nature is the principal ore for the production of the liquid 
metal mercury. It constitutes in its pure state a color pigment 
of a very fine scarlet red. Being very heavy, with a specific 
gravity of 8 2, it has a tendency to sink in the vehicle with 
which it is mixed. As a paint in oil it has good coloring and 
covering power and is permanent in air or light In water- 
color painting it has a tendency to turn brownish. 

Vcrmlllonettes. — These are lakes, made as substitutdfe for . 
verrnilion, of a rose to a dark-red color, and of a variety of 
compositions. In all of them the coloriiJg matter is the coal- 
tar dye, eosine, of which about 1 per cent enters in pale, and 
4 per cent in the composition of dark colors. The pigment is 
obtained by precipitating the coloring-matter from a solution 
ol eosine by mixing it with*a solution of a lead or of an alumina^ 
salt, onto a base of barytes, of barytes and led lead mixed 
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or on gypsum. These pigments have all good coloring power 
mix well with oil and water, fade somewhat in air and light 

In alcohol or methylated spirit, the coloring-matter is dis- 
solved, the base pigments remain at the bottom, where a fluores- 
cent action can be observed, while the upper part will be colored 
a more or less pronounced rose. 

Blue Colors. 

Azurlte, Mountain Blue, 2(CuC08)CuIl302 — it basic car- 
bonate of copper occurring in nature. ’ Rarely used as a color 
pigment. 

Cobalt blue, Co04(Al208), Thenard’s blue, Gahii’s ultramarine, 
cobalt ultramarine. This pigment mixes with other pigments 
without producing changes; as a paint it gives better results 
with water than with oil. It is permanent in air and light 
and unaffected by alkalies and dilute oxids. 

Prussian Blue, FeC^N^, or KFeCgNy— The chemical com- 
position varies in accordance with the manner of production. 
Varieties differing somewhat in tint and quality of color are 
known under the names of: 

Chinese Blue, a very fine color with bronzy appearance. 

Paris Blue of a slight violet hue; Brunswick blue, a mix- 
ture in various proportions with precipitated sulphate of baryta. 

Mitls or Steel Blue, resembling in color ultramarine. All 
these color pigments mix well with oil; they mix also very 
well with wat^r, and while they are very finely diluted in it, 
they' are in reality not dissolved. 

Soluble Blue a quality which will dissolve in water. 

Prussian blues mix well with other pigments without being 
affected by them and without affecting them. Alkalies or 
alkaline vehicles, however, turn them brown. Applied as 
paint they faint somewhat in the light, recovering the color 
in the dark. While they have good coloring power their cover- 
ing p(>wer is somewhat weak. 

Smalt.— As manufactured in various tints and shades of 
blue it is essentially a double silicate of potash and cobalt, with 
a variable admixture of small proportions of lead oxid, calcium 
oxid, and alumina. Ground into very fine powder it mixes 
Well with 'water and oil and is permanent in air and light. 

Cltramarlne.— Formerly obtained by a complicated process 
from the mineral lapis-lazuli, is now artificially manufactured 
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by calcining mixtures in varying proportions, composed prin- 
cipally of silica, white clay, soda, sodium sulphate, sulphur, 
and rosin, producing pigments of bright-blue colors of various 
shades and tints from greenish to violet blues The finely 
ground pigments mix well with others, are not affected by 
alkalies, but may be decomposed by acids They mix w'ell 
with water and oil, and used as paint are permanent in air 
and light. They are extensively used for painting and for 
printing. 

Green Colors. 

Brunswick Green.— A pigment prepared by mixing Prussian 
blue, chrome yellow, and barytes in proper proportions to 
produce the desired tint and shade. 

Chrome Green, GulKnet Green. — ^The result of the fusion of 
a mixture of bichromate of potash and boracic acid. The 
green pigment thus produced is insoluble in water and acids, 
it is unalterable by alkalies or by moderate heat It mixes 
well with all vehicles. Employed as a paint it is permanent 
in air and light and has good covering and coloring power 
Cobalt Groen.— A green pigment of variable composition, 
the principal ingredients being zinc oxid, ZnO, and cobalt 
oxid, CoO, which are constituents in all kinds. To this in 
some kinds is added phosphoric acid One green may, 

for instance, consist in ZnO, 88 per cent, and CoO, 12 per cent, 
and another in ZnO, 73, CoO, 19, P,Oj , 8. These pigments mix 
well with other pigments, and with all vehicles, and as pkints 
are permanent in air and light. 

Emerald Green, Paris Green, Scbwelnfurtb Green. — A copper 
acetoarsenite or a combination of copper oxid, CuO, arsenious 
acid, AsjOa , and acetic acid, C^HgO^ It is a pigment of a bright 
bluish-green color, which mixes well with other pigments free 
of sulphur It mixes well with oil or water, and as paint has 
good coloring and covering power, is fairly permanent ill dry. 
places, but is affected in air and light 
It is soluble in acids and alkalies. Hs solutions in hydro- 
chloric acid are green, in ammonia deep blue, and in caustic 
soda blue ' * • * 

Malachite, Mountain Green, Mineral Green, CuCO^CuOHgO— 
A carbonate of copper o'ceurring in nature, partly employed 
as a copper ore and as an ornamental stone; has also been 
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used as a pigment for green paint, for which purposes, how- 
ever, it has been displaced by greens of superior quality 

Terre Verte. — A natural green, principally composed ol 
silica, SiO^ , 50 to 52 per cent, oxid of iron, FeO, 20 to 27, some 
magnesia, MgO, alumftia ALOg, w'hich may be combined in 
one sample with caustic soda, in another wdth caustic potash, 
and in a third with caustic lime. 

The pigment mixes well with all vehicles; has, however, little 
body; is, therefore, deficient in coloring power, ^eat gives it 
a reddish hue. 


63. GUMS AND RESINS 

for VARNISHES. 

1. Fossil Gums and Resins, ~ Fossil gums are found 
under ground or under water, near sea coasts or in beds of 
streams. 

Amber. — The main supply has so far been obtained from 
the Baltic-Sea shore of northeast Germany It is exten- 
sively used for ornamental articles. In its natural state it 
is insoluble in any known vehicle. After having been melted 
it becomes soluble in turpentine and in boiling linseed-oil, 
producing a varnish of superior quality used as a coach var- 
nish. 

From the vapors of melted amber an oil can be distilled, 
known as amlier-oil. 

When polished it is translucent, of a light-yellowish color, 
sometimes with white specks covering parts of its mass Speci- 
mens have been found with insects incrusted in them. 

Asphaltum, Bitumen of Judea. — Mined in many countries, 
it has been extensively employed as a very even covering for 
streets and for sidewalks It is soluble in many vehicles, in 
tuipei^ine and in naphtha and produces a varnish of an intense 
black color. 

Copal. Anlml Gum.— Jt is found in many commercial varie- 
ties in many localities of the west coast of Africa. Melts at 
about 205° C (400° F ), and is thereby converted into a hard 
brittle mass, which is soluble in ether, turpentine, chloroform, 
etc., and in hot linseed-oil, forming vg,rnish of superior quality, 
ex;tensively used for carriages and fine furniture. 



276 MINERALS AND METALS. 

Demerara Copal, Locust Gum, Guiana Gum. — Found I n 
British Guiana It melts at about 240° to 250° C (450° 1 
465° F ), and in so doing, gives off a considerable proportioi 
of volatile oil and of gas The resulting hard brittle mass 
is soluble in ether. It swells up to a gelatinous mass in alcohol 
and chloroform and forms a white jelly in petroleum. ' 

Kauri, Cawrce. — Found on the Island of New Zealand 
exported from Aukland; is of a pale yellowish-brownish color, 
of a glassy to opaline lustre, conchoidal fracture, and pleasani- 
aromatic odor and taste. It melts at from 180° to 230° C 
(360° to 450° F.), and after melting becomes easily solubk 
in oil, producing a good varnish for furniture and inside work 
It is completely soluble in ether, and, after having been melted, 
losing thereby about 25 per cent of its weight, it is soluble in 
turpentine, petroleum spirit, benw)l, and chloroform, in which 
before this process it was only partially soluble, being mainly 
converted into a gelatinous mass, the same effect being pro- 
duced in alcohol. 

2, Recent Gums and Resins.—Damar, Gum Damar, from 
Siam and vicinity is a brittle almost white-yellowish trans- 
lucent resin, soluble in oil, turpentine, petroleum spirit, ether, 
chloroform. In alcohol it swells to a white gelatinous mass 
Used as varnish for maps and ornamental articles, etc., on 
account of its limpidity and clearness. 

Dragon's Blood. — From eastern Asia; is soluble in alcohol, 
benzol, petroleum spirit, shale spirit, acetic acid, caustic soda, 
ammonia, chloroform, carbon bisulphid, etc., the solutions 
being of a crimson color. It dissolves with difficulty in ether 
and is almost insoluble in turpentine. It melts at about 120° 
C (248° F.). In a powdered condition it is employed for 
coloring varnishes a deep red. 

Gamboge.~Principally from Siam, it is a gum resin of a 
bright-red color. The resin in gamboge is soluble in alcohol, 
ether, chloroform, and in alkaline solutions. The ^um is 
soluble in water. It is principally used as a yellow water-color. 

Gum Mastlc.~It is obtained from '^me parts of the coast 
and from' some islands of the Mediterranean Sea. It is brittle, 
of conchoidal fracture, and softens at about 30° C. (86° ’F), 
melts, at from 105° to 120° C. (221° to 248° F.). It is soluble 
in turpentine, alcohol,*' amyl alcohol, chloroform, acetori^ 
Insoluble in ether. It is used as a varnish. 
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r Gum Accroide. — A resin which dissolves in alcohol. 

Gum Arabic is insoluble in alcohol; in about IJ times its 
'eight of water, with the help of gentle heat, it is converted 
nto a viscous jelly, which becomes more adhesive by the addi- 
tion of a little sulphate of alumina. Used as an adhesive 
for various colors and for other purposes. 

Gum Benzoin softens at about 75° C (167° F,), melts at 
^00° C. (212° Fj. Soluble in alcohol and ether and employed 
\\a spirit varnish, ^ 

Gum Elemi is obtained from the Philippine Islands It softens 
tt about 75° to 80° C (167° to 176° F.), and it melts at 120° C 
|248° F.). It is soluble in ether but only partially soluble in 
ilcohol 

Lac, Shellac, Button Lac, Garnet Lac. — As obtained from India 
it is [partially soluble in alcohol and methylated spirit, with 
either of which, however, it forms a very extensively employed 
spirit varnish, which on account of its quick drying property, 
its good covering power, and easy application is nearly exclu- 
sively used for patterns of machinery Such varnishes are 
dso used for inside woodwork and as a polish for fine furniture. 
Shellac is soluble in amyl alcohol (fusel-oil), in solutions of caustic 
potash, of caustic soda, of borax, and of ammonia, the latter 
3f which fire used as varnishes and dressings for leather. 

From alkaline solutions bleached lac is precipitated by chlorin 
;as. 

Blanilla Cop^l, obtained from the Philippine Islands, melts 
it about 115° C. (240° F.), This resin is soluble in alcohol, 
nethylated spirit, ether It is partially soluble in amyl alcohol, 
jenzine, petroleum spirit, turpentine, chloroform, leaving gen- 
jraJly a residue of a white gelatinous mass It is useful for 
ipirit varnish, which added to shellac varnish imparts to the 
Iry coat more elasticity 

‘Bosln is the residue left after turpentine has been distilled 
rom i#ne resins. When cold it is brittle, of a yellowish light- 
)rown color and characteristic odor It is largely employed 
or cheap inferior varni^es, produced by dissolving it in rosin 
pint, in turpentine, or in naphtha, or by mixing melted rosin 
nth’boiling linseqd-oil 

Sandarae, Gum Juniper, is a hard and brittle resin of a 
*ellowish-white color, which melts ab 150° C (300° F.) It is 
^uble in alfiohol, methylated spirit, amyl alcohol, etherj 
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slightly soluble in benzol, petroleum spirit, turpentine, it' 
which it becomes soluble after having been fused. It is manii^ 
factored both into spirit and into oil varnish, forming bright^' 
lustrous, hard, and durable coats when dry. 

Turmeric, Curcumin, obtained from fhe roots of curcuma in 
hot solution from which orange-red colored needles crystallize out 
on cooling. This yellow coloring-matter is soluble in hot, 
but only slightly so in cold water It is soluble in alcohol, in- 
glacial acefivj acid and in solutions of alkalies, which change' 
its color to brown-red In boric acid solutions the color turns 
brown It is employed for staining and for coloring vamishesi 
yellow, and is in use as a dye, cotton being dyed by it with-’ 
out a mordant. 

54. DILUENTS AND SOLVENTS 
for Paints and Varnishes. 

Drylng-olls, which are the only ones which can be used 
for paints, absorb oxygen at the surface exposed to the air, 
whereby an elastic tough film is produced. When such oil, 
forming a vehicle for some coloring pigment, is spread out 
over a surface as paint, it is, by its property of obsorbing oxygen 
from the air, wholly converted into such a film, which in drying 
constitutes a hard, homy protection for the surface painted. 

Spirits and alcohols dry without leaving any residue. When 
they ifentain gums and resins in solution, however, forming 
varnishes, they leave the gums and resins behind in drying. 
Some spirits are employed in the art of painting as diluents 
for paints, serving at the same time as promoters for drying. 

Hempseed-oll is a slow-drying oil of inferior quality as a 
paint oil. It has, however, been used as such in exceptional 
cases. 

limeed-oll, raw and refined, at ordinary temperature-, is 
clear and limpid, of a yellowish-brownish color. It is soluble 
in alcohol at the rate of 1 volume of dil in 40 volumes alcobd 
cold, and in 5 volumes alcohol boiling. It is also soluble ia 
turpentine, petroleum spirit, shale naphtha, rosin spirit, etker, 
chloroform, etc 

By warmiM a mixture of raw linseed -oil and glacial aoetjb 
acid (99 per^wit pure), above 60® C. (160® F ), the oil is. 4% 
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>iK>Ived, but separates again from the solution on cooling, 
‘■Bnd from 47° to 3G° C (117° to 97° F), a turbidity in the 
.solution is produced, which disappears again on further 
cooling. 

If adulterated, the oil is not completely dissolved and the 
turbidity occurs much sooner. 

The value of linseed-oil as a vehicle for paint is dependent 
on its oxygen-absorbing capacity, which vafies between the 
maximum of 190 volumes of oxygen absorbed by* one volume 
of Baltic oil, and the minimum of 130 volumes of oxygen 
by one volume of Bombay (India) oil American linseed-oil 
absorbing about 160 volumes of oxygen. 

The solid elastic film produced by drying linsecd-oil is insoluble 
in water and in alcohol. It is only partially soluble in ether 
or chloroform. 

Boiled Llnseed-oll.— By keeping raw linseed-oil at a tem- 
perature of about 260° C. (500° F ) for several hours, and 
by adding to the oil from 1 to 2 per cent of a so-called dryer, 
which may consist of manganese peroxid, litharge, red lead, 
or any other oxidizing substance or a mixture of several of 
Buch substances, the oil may be brought to a more or less thick 
or viscid consistency, in which condition it has the property 
to dry much quicker than in its raw state 

The heating may be performed over a fire, producing a com- 
paratively dark oil, or by steam with the production of a paler 
oil \ 

In the use of boiled linseed-oil as a vehicle for cofiJr pig- 
ments, it is often mixed with raw oil, which, while the drying 
is retarded, produces a more elastic paint film on the painted 
surface. 

Menhaden-oil, obtained 4rom a fish, abundant along the 
east coast of North America; has a brownish color Its prin- 
cipal employment consists in leather dressing. Occasionally 
it is as a paint-oil, as it dries well in air, leaving a hard 
f film behind. ' '' 

Poppyseed-oll, a diying but costly oil, used only by artists. 

BoslnroU is the last distillate from rosin, the first being an 
acid liquid^ the se(iond a light rosin spirit, the third a heavy 
losin-oil, which after being refined by successive treatments 
wflth sulphuric acid and caustic sodat is sometimes employed 

on adulterant of linseed-oil ' Paint made with such adul- 
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terated oil may dry all right, but it will subsequently become 
sticky 

Walnut^il is a clear straw-colored drying-oil used by artists. 

Alcohols and Spirits. — Alcohol, Ethyl Alcohol, Spirit of 
Wine. It is a solvent for shellac, sartiderac, rosin, camphor, 
castor-oil, coal-tar colors, etc. It mixes with water, turpen- 
tine, ether, chloroform, carbon bisulphid, benzol, etc. 

Amyl Alcohol, Fusel-oil, dissolves many resins, essential oils, 
camphor, elti. It mixes with water, 1 part in 11 parts water 
In indefinite proportion with alcohol, ether, chloroform, car- 
bon bisulphid, petroleum-other. 

Benzol, Benzine. A hydrocarbon derived from petroleum; 
dissolves oils, fats, resins, mixes with alcohol, turpentine, 
petroleum-spirit, ether, etc. 

Benzoline is a solvent for oils, fats, waxes, and for a number 
of resins. Mixes like benzol. 

Gasolene has the same properties as the foregoing hydro- 
carbons. 

Methyl Alcohol. By distillation of wood, the liquid wood 
spirit is obtained; this is converted into methyl alcohol by 
a rather complicated purification process. It is a colorless 
liquid which mixes in ail proportions with water, turpentine, 
ether, etc., and dissolves most gums and resins with which it 
forms varnishes of extensive use. 

Methylated Spirit is a mixture of 90 per cent alcohol (wine 
spirit), with 10 per cent wood spirit principally used for shellac 
varnishes and polishes, for damar, sanderac, rosin, and other 
resinous varnishes. 

Naphtha.— A distillate from coal tar, properly purified, is a 
good solvent for oils, resins, waxes, coal-tar pitch, wood pitch, 
and mixes with ether, alcohol, turpentine, petroleum spirit, etc 
Several naphthas are in use, all having the same solvent and 
mixing properties. They are known as: 

Wood Naphtha, or refined wood spirit. 

Shale Naphtha a refined distillate from shales. ^ 

Petroleum Naphtha, Petroleum Spirit, obtained by frac- 
tional distillation of crude petroleupi. 

Benzine and benzoline are names applied substantially to 
the same, or closely similar distillates from petroleum, as is 
also gasolene. All ar^ fractional distillates from petrokpa 
and differ only in specific gravity. 
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Turpentine. — ^This, for the painter, most important spirit, 
is the distillate from pine resin, obtained by blowing steam 
through melted crude pine resin. It mixes with alcohol, ether, 
carbon bisulphid, and with all petroleum distillates and with 
water. It is a solvent for fats, oils, gum resins, waxes, etc 
In air it partly evaporates and partly absorbs oxygen, whereby 
it is converted into a hard resinous substance It is so far 
the best material in use as a solvent for v arnishes of the vari- 
ous commercial gums and resins, and as a dilueift and drier, 
for paint. It is often adulterated, usually with rosin spirit, 
petroleum spirit, shale naphtha, coal-tar naphtha, etc. Pure 
turpentine has a specific gravity of 0.864 to 0.870, average 
0.867. It boils at 156° to 160° C. (313 to 320° F.), and dis- 
tills completely without leaving any residue at 170° C. (338° F.). 

56 . MISCELLANEOUS. 

Marine Glue. — India rubber, 1; coal-tar naphtha, 8 to 12; 
and shellac, 15 to 20 parts. Melt together; use hot. 

Water-proof Glue. — Boil about 8 parts of common glue in 
about 30 parts of water, add 4^ parts boiled linseed-oil, con- 
tipue boiling for 2 or 3 minutes while stirring. 

Japan Varnish. — Parts by weight. Boiled linseed-oil, 88; 
litharge, 4; red lead, 6; sugar of lead, 2; umber, 1; white 
vitriol, 1; gum shellac, 8; spirits of turpentine, 2, Mix all 
the ingredients except a small portion of the boiled linseed- 
oil afid all the turpentine Boil over a slow fire for 5 hours, 
stirring continually with wooden spatula; add occasionally 
boiled oil to check ebulition. When nearly cool, add turpen- 
tine, stirring it well in Keep in tightly corked cans. 

Boiled Linseed-011. — Preparation. Parts by weight. Raw 
linseed-oil, 103; copperas, 3.15; litharge, 6.3. Suspend the 
copperas and litharge in the oil in a cloth bag, and boil slowly 
for abhut 4J hours. 

Dryer for Paint.— -Tarts by weight. Copperas and litharge 
from boil^ oil, 60; boilfid oil, 2; spirit of turpentine, 56. Grind 
and mix thoroughly 

Onsidered to be useful as driers for boiling linseed-oil are 
the followmg : 

Manganese Dloxld, Manganese PeA)xld, Black Ozid of Man- 
fMiese, Pyrolusite, all names for the same substance, yields 
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oxygen by heat and is therefore added to the boiling oil in 
quantity of about § to 1 per cent of the oil, but darkens the 
color of the oil. 

Manganese Llnoleate, which is obtained by pouring a solu* 
tion of manganese sulphate in a caestic-potash linseed-oil 
soap solution. The curdy mass produced is filtered, washed, 
and dried, and is used in this condition as a drier and' bleacher 
for boiling linseed-oil. 

For the production of pale oils and for imparting to the 
boiled oil the property of drying. 

Manganese Sulphate, MnSO, , a faint pinkish-colored salt has 
also been found useful. 

Black Stain for Wood. — Copperas, 1 lb.; nutgalls, 1 lb.; sal 
ammoniac, 0 25 lb ; vinegar, 1 gallon. Mix and stir occa- 
sionally for a few hours. Apply the stain to a cleaned sur- 
face of wood 2 or 3 successive times; when dry rub with boiled 
oil; polish. 


Mortars, Concretes, or Betons 
for Masonry and Foundations. 


Designation 


Parts by Volume 



Water 

Sand 

Lime 

Hy- 

draulic 

Lime 

Cement 

Broken 

Stone 

Common mortar 

3 to 5 

1 






Hydraulic -lime mortar 

3 


1 





Cement mortar. ..... 

2 to 3 



1 




Concrete 

3 to 5 

1 



3 to 6 


For stiff 

Beton Croton Aqueduct 

3 



1 

3 


paste 

Beton Coignet 

20 

4 

1 to 2 





Cement concrete 

3 



1 

4to7 , 




Sizes of Brick. 


Designation 

Size in 
Inches 

Designation 

. Size in 
Inches 

British legal standard. . . 
Uni^ States, average. . 
U . S. press-brick paving. 
Baltimclre front 

8fX4|y2| 
8iX4 X24 
S X4 X24 
8JX4*X2i 
8}X4iX2# 
8iX4 X2i 

Colahaugh 

Maine 

Milwaukee 

North River 

Fire-brick, Stourbridge . 
Fire-brick, American 

84X4*X» 

8 XSIXS 
bixilxa 
^tX4|xt 






MISCELLANEOUS. 




Fire Clay* 

Average Composition. 


Silica 

Alumina 

Protoxid of 

1 Iron 

1 Lime 

1 

Magnesia j 

Potash 

69.8 to 70.3 

35. to 26 4 

3 to 1 

1.4 toO 4 

1 

0.3 toO.4 

! 

2.2 to 1.4 


Preservative of Cut Stone. 

Wall Surfaces. 

Apply to the wall surface to be treated alternately coats of 
a solution of sodium silicate, followed by lime water; repeat 
two or three times. This will produce a hard coating of sili- 
cate of lime. 
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Abbreviations, 2 
Air, atmospheric, 22 
compressed, 246 
lique6ed, 248 
Algebraic signs, 2 
Alfoys, 1.95-210 
aoialgAnis, 205 
antifriction, 203 
brass, 198, 200 
bronze, 195, 198, 203 
composition of, 207 
ductility of, 209 
German silver, 204 
liquation of, 206 
ordnance bronze, 195 
polders, 207 
• special. 210 
statuary, 200 
tenacity of, 208 
type metal, 205 
white, 201.204 
Alphabetical lists 
of metals, 26, 114 
. of minerals, 54 
Ammonia, compressed, 247 
Analysis, 39, 137, 139, 148 
blowpipe, 37-49 
^ metals, 139-144 
of ores, 137-159 
volumetric, 148 

Assay of ores, 137, 139, 144, 150 , 
tons, 30 

Atomic weights, 26 

' . • B 

Batteries, electric, 176 
double fluid, 179 
dry, 181 • 

' single fluid, 178 
Be^umd hydrometer, 25 
BliKik Hint, 268 , 

Blowpipe apparatus, 37 
analysis, 44, 46, 48 
Blue paint, 268 
Board measure, 260 
beads, 48 


Borings, prospect, 245 
Brass alloys, 198 
Bronzes, 195-203 
Bronzing liquids, 211 


Cast iron, 183-189 
composition, 183, 188 
chUl of, 188 
strength of. 258, 259 
Characteristics of minerals: 
chemical, 44-53 
physical, 37-43 
tables of, 60-81 
Conductivity, electric, 169 
Condensation of mineral oils, 242 
Consumption of water, 241 
Copal resins, 275-277 
Copper ore assay, 139 
analysis, 141 
plating, 174 
Cupola charges, 189 
Curcumin gum, 278 
Customary measures, 10 
Cyanid of potassium 
process, 159-168 
apparatus for, 169 
gold extraction, 164, 166 
solutions of, 165 

D 

Damar gum, 276 
Diluent for paint, 278 
Discovery of metals, 114 
Double-fluid cells, l79 
Dragons blood, 276 
Dry cells, 281 
Ductility, 209 
Dynamite, 251 

E 

Earth, 22 
Electrolsrtic 
analysis, 141 
equivalents, 26-28 
generalities, 169 
golckextraction, 96, 164 
, plating, 171-175 
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Explosives. 240-257 
dynamite. 249 
flamelesB, 255 
Mminate. 250 
glukodine. 252 
guncotton. 253 
gunpowder, 249 
nitroglycerine, 250 
nitroraannite, 255 
picric acid, 250 

F 

Filtcri' for citiee, 239 
nameless e)fi4|oKives, 255 
J'racture ut minerals, 43 
Fulminate, ^50 


t.ases, compressed, 246 
liquefied, 248 

Geological classification, 21 
rocks, 23 

Glukodine explosive, 2o2 
Gold alloys, 157 
assay, 150 
extraction, 96, 1^4 
foreign metals in, loo 
metallurgy of, 96, 150 
minerals, 68 
ore, 150 
plating, 173 
Gravity, 39, 213 
laws of, 213 
specific, 39 
Green pigments, 274 
Gums, 275-278 
amlier, 275 
arabic, 277 
copal, 275 
curcuniin, 278 
damar, 276 
dragons blood, 276 
gamboge, 276 
sandarac, 277 
shellac, 277 

H 

Hardness, scale of, 39 
of water, 219 
Heat tests, 45, 46, 47 
Hydraulics, 213 
Hydrometer degrees, 25 
Hyposulphite of soda, 145 

I 

Indicators, 30 , 

Insulation, electric, 135 
Inquartation, 167 
Iron and steel, 482-192 
cast iron, 1^, 188, 189 
chemical tests, 189 
composition, 183 
ores, 82, 182 
passive state of, 194 
plating, 175 
Btrengfih, 258 
wrqught, 183 


Jets of water, 216 


Lacquers, 212 
Liquation of alloys, 210 
Liquefjdng of gases, 248 

M 

Measures. 3-21 
commercial, 12, 13, 14, 15 
customary, 11, 12 
met.rii , 10, 11 
standards of, 3-9 
of value. 13-15 
scientiiic, 16-21 
Metals- 

alloys, 195-210 
alphalietical list, 26, 114 
atomic weights, 26-30 
discovery, 114 

metallurgy, W-113 
melting points ot, 2o, 115, 2Ui 
oxids, name tests, 50-63 
m paying ore, 195 
strength of, 208, 2o8 
Minerals, 54-81 
alphabetical list, 5^59 
characteristics, 60-81 
Mineral oils, 240 
condensation of, 242 
mixtures in, 243 
paraffines, 243 
petroleum, 244, 246 
Miners’ inch, 215 
Miscellaneous, 281 
bricks, 282 

preservation of stone, 282 
fire clay, 283 
Mortars, 28l 

N 

Naphtha, 280 
Nickel metallurgy, 111 
plating, 171 
Nomenclature : 
electric, 169 
dynamic, 257 
Normal solutions, 35 


Odor of minerals, 43 
of gases, 46 
Ores, 82-89, 187-195 
analysis of, 137-159 # 

copper, 139-141 
copper traces in, 14o 
gold, 150-156 • 

gold traces in, 166 
metals in paying. 195 
'roasting of, 137 
Boorification of, 137 
silver, 144 

silver, gold, C9PP®^’146 
Organic matter m water, 234 
Optic properties, 43 
Orifices for water, 216 
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P 

Paibt pigments, 266-275 
black. 268 
blue, 273 
brown, 270 
green, 274 
red, 270 

white, 266 • 

yellow, 269 

Paint, diluents. 278-281 
oUs, 278 
Paraffines, 243 

Parting, silver from gold, 138 
Petroleum, 244 
Phosphor bronze, 196 
copper, 196 
tin. 196 

Photometry, 21 
Picric acid. 256 
Plating, electrolytic, 171-176 
copper, 174 
gold, 173 
iron, 175 
nickel, 171 
silver, 172 
tin, 175 

Precious stones, 116-136 
Preservation of wood, 264 
Purification of water, 219, 227 


R 

Reagents. 31-35 
Resistance, electric, 167 
River-water, 240 
Roasting ores, 137 
Rocks, 21-25 
constitution, 23 
formation, 21 


S 

Scientific measures, 16-21 
dynamic, 16 « 

electric, 18 
photometric, 21 
thermic, 16 
Scorification, 137 
Silver, lixiviation, 144 
metallurgy, 94 
minerals, 64 
, ores, 84 
plating, 172 

'Bodium, carbonate, 230 
hydrate, 229 
•hyposulphite, 148 
svlphid, 146 
Solders, 207 

Solutions, 144-150, 162-167 
hyposulphite, 148 ^ 

Jlixiviation, 144 
potassium eyanid, 162 
plating, 171 


Solutions, soda, 148 
of substances, 220 
Standard measures, 3 
Steam-boilers, water for, 231 
Steel, 184, 189-194 
strength of, 258 
tool, 184 

Stone preservation, 281 
Stratification ot rocks, 21 
Streams of water, 217 
Strength of materials, 208. 257 
alloys, 208, 209 
cop|)er, 208 
wrought iron, 258, ^9 
cast iron, 258, 259* 
steel, 258, 259 
wood, 260 


Tests, for copper, 143 
for gold, 166 

for metals in flame, 50-53 
ot solutions, 165 
for water, 222 
Turpentine, 281 
Type metal, 205 


V 

Varnishes, 275-281 
alcohol, 280 
naphtha, 280 
oil, 278 

turfjentine, 281 
Volumetric analysis, 148 

W 

Water, 219-241 
consumption of, 241 
domestic, 232 
filters for, 239 
hardness of, 219 
manufacturing, 232 
organic matter in, 234 
purification of, 227 
steam-boilers, 231 
substances in, 220 
testing of, 227 
Weights, ,3-19 
assay tons, 30 
atomic, 26, 27. 28 
customary, 11, 12 
metric, 4 
in vacuum, 29 
Weirs of streams, 216 
White alloys, 201 
pigments, 266 
Woods, 260-265 
adaptability of, 263 
board measure, 260 
preservation of, 264 
strength of, 261 














